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ADVERTISEMENT 


The  present  series,  entitled  "  Smithsonian  Miscellaneous  Collec- 
tions," is  intended  to  embrace  all  the  octavo  publications  of  the  Insti- 
tution, except  the  Annual  Report.  Its  scope  is  not  limited,  and  the 
volumes  thus  far  issued  relate  to  nearly  every  branch  of  science. 
Among  these  various  subjects  zoology,  bibliography,  geology, 
mineralogy,  and  anthropology  have  predominated. 

The  Institution  also  publishes  a  quarto  series  entitled  "  Smith- 
sonian Contributions  to  Knowledge."  It  consists  of  memoirs  based 
on  extended  original  investigations,  which  have  resulted  in  important 
additions  to  knowledge. 

CHARLES  D.  WALCOTT, 
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DESCRIPTIONS  OF  A  NEW  GENUS  AND  EIGHT  NEW 
SPECIES  AND  SUBSPECIES  OF  AFRICAN  MAMMALS 

By  N.  HOLLISTER 

The  new  East  African  mammals  herewith  described  were  collected 
by  members  of  the  Smithsonian  African  Expedition,  1909-1910,  and 
of  the  Rainey  African  Expedition,  1911-1912. 

SURDISOREX  POLULUS,  sp.  nov. 

Type  from  west  side  of  Mount  Kenia,  British  East  Africa,  at  10,700 
feet  altitude.  United  States  National  Museum  No.  163992,  skin  anil 
skull  of  adult  male  (teeth  moderately  worn).  Collected  September 
30,  1909,  by  J.  A.  Loring.    Orig.  No.  7562. 

Description, — Like  Surdisorex  flora  Thomas,  but  smaller,  with 
smaller  skull  and  teeth;  hind  foot  larger.  Color  indistinguishable 
from  that  of  ^.  norcr.  Upper  unicuspid  teeth  all  smaller  than  in  S. 
norcc,  the  first  and  third  especially  small  and  the  first  conspicuously 
narrow. 

Measurements, — Type,  compared  with  average  measurements  of 
seven  adults  of  S.  none  from  the  Aberdare  Range,  the  latter  in 
parentheses :  Head  and  body,  92  ( 100)  nmi. ;  tail  vertebrae,  30  (33) 
hind  foot,  17  (15.6).  Skull:  Condylobasal  length,  24.5  (25.2) 
zygomatic  breadth,  6.8  (7.3);  breadth  of  braincase,  12.5  (13.4) 
mandible,  14.4  (14.6)  ;  upper  tooth  row,  entire  (alveoli),  10.6  (ii.i)  ; 
lower  tooth  row,  entire  (alveoli),  9.6  (lo.i). 

Specimens  examined, — Thirty-five  from  Mount  Kenia.  These 
have  been  compared  with  a  series  of  nine  specimens  of  Stirdisorcx 
norce  from  the  Aberdare  Range.  There  is  in  no  case  any  doubt  as 
to  which  form  any  specimen  in  this  series  belongs.  The  two  lots 
are  readily  separated  by  the  characters  of  the  unicuspid  teeth. 

CERCOCTENUS,  gen.  nov. 

(  Macroscixid.e.) 

Type  species. — Pctrodromus  sultan  Thomas. 

Characters. — TJke  Fetrndromus  but  tail  thinly  haired  and  with 
irregular  rows  of  long,  stitT.  chib-like  bristles  aloiiix  under  side; 
fingers  longer.    Skull  without  the  large  posterior  palatine  vacuities. 
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.  .-  '.jvaKviitly  Mways  a  simple  hooked  cone,  without  small  posterior  spikelet 
;  H.<  in  l\'troJromus ;  and  /»m*  more  complex,  deeply  grooved  on  outer 


side,  and  distinctly  four-cusped. 

The  forms  included  in  the  j^enus  arc  Ccrcoctenus  sultan  (Thomas), 
c Vri-(U*(c*»iii J  sultan  san^^i  (Heller)  ,  and  Ccrcoctenus  scli7i^nni 
(Tlmmas  and  Wroughton). 

RHINOLOPHUS  KENIENSIS,  sp.  dot. 

ryft'  from  west  side  of  Mount  Kenia.  British  East  Africa,  at 
7axx>  feet  altitude.  I'nileil  States  National  Museum  No.  166352, 
.idult  male  in  alcohol  with  skull  removed.  Collected  August  27, 
i^x».  l\v  l-'dnmnd  1  Idler.    C>ri^.  No.  1154. 

•'\'jf**nf/i»'»j.  .\  small  member  of  the  Khinolophus  augur  group. 
daVeiins:  from  K.  a.  canibcsicitsis  in  the  small  size  of  the  nose-leaf 
VJ^tciiest  width  ol  horse-shoo,  m.8:  comjuired  with  8.0-8.3  in  sam- 
;vy»Vnjfi\y\  >lu»rter  forearm,  and  shorter  tibia.  Skull  somewhat 
l.uj:er.  with  shi;luly  nuMc  robust  teeth,  than  in  cawbcsicnsis. 

.\U\:suf laments  of  ty/'c.  I'orearm.  5J  mm.;  tibia,  Ji  ;  greatest 
lenjcth  of  ear  from  anterior  marijin.  iS.g :  jireaiesi  width  of  ear,  12.2 ; 
thud  tiujier  metacarjul.  ,U^'.  ^^^^^  phalanx.  17.4:  fourth  metacarpal. 
^Wn;  tirsl  phalanx,  11.^^:  lifih  meiacarjul.  40.3:  first  phalanx.  12.8. 
Skull:  iiiealCNt  leni:ih.  JJ.S ;  coutlyli^basal  lenj^th.  J0.4 :  zygomatic 
bteadth.  i.';  |H»Ntoibital  constriction.  3:  mastoid  breadth.  10.7:  man- 
vliMc.  15  rectli .  v'.mine  to  i»i\  S.(>;  bvc.ulth  across  up|>er  canines, 
(>o.  i;icatc>i  bic.ulili  across  upper  l.i^i  moLirs.  8.4;  lower  canine  to 

.V/»*i,:"  l-.v.  Ibi^  new  Imi  i^  leailih  ^cjuraMe  from  all  the  other 
^•.svtCN  \M  l\hi9is^i.'r''i:ts  known  ironi  r»r*.*.i>li  l*a>i  Africa  bv  the 
coinbnuiu»n  ot  naiu^w  boisc^b.oc.  li.ii:lo>-i  sella,  and  position  of 
vntall  uppci  picTUol.u  i-nlni-K  w  iili^'i::  :V.c  :.\'.l:  row.  It  is  doubtless 
.V  '.^.oiilivMn  u*p'. cmt.i.uuc  v^:  a  .:;i^:. '.  .iv.l  ■.-crli.irs  it  intergrades 
vbivVlU  nito  .V  .:  .■,:»'..'•.■>•  .■•..»-x  P.\".o'.  I  .  ■•.:•.':  t-rc  an-l  Mr.  Oldfield 
rhom.iN  b.i\c  icv-o'.J.cil  V  ,:  .•.:.-.-.*x  .■..»/  ::\vv.  N'!::v.anjaro,  *  but 
I  atn  noi  .;waic  tb,;;  .1  nu  in'v:  o:  :1\  ^  '-..'*  :::  :  ^  ::ow  been  noted 

\\\  iMJU^b  l*a>t    \t!u\i 

V       \  ■  ":.*.iaro.   Mmram.. 

"^  ^         ^.        "i     V.l.    IT.    p.    315. 
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EPTESICUS  UGANDJE,  sp.  nov. 

Type  from  Ledgus,  Uganda.  United  States  National  Museum 
No.  166520,  adult  female  in  alcohol  (skull  removed).  Collected 
February  15,  1910,  by  J.  Alden  Loring.    Orig.  No.  9022. 

Description, — ^A  small  brown  species  related  to  Eptesicus  capensis 
somalicus  (Thomas),  but  with  larger,  flatter  skull.  Ears  broad, 
somewhat  evenly  triangular,  with  rounded  tip;  when  laid  forward 
reaching  to  tip  of  muzzle.  Tragus  comparatively  long,  broadest  at 
center,  the  tip  bluntly  rounded  and  not  turned  forward ;  inner  side 
nearly  straight  for  two-thirds  its  length;  outer  side  evenly  convex 
from  tip  to  opposite  anterior  notch,  where  there  is  a  small  sharp 
lobe,  beneath  which  is  a  sharply  concave  margin  and  a  larger  tri- 
angular basal  lobe,  immediately  above  the  outer  notch.  Wing  from 
base  of  toes ;  tail  vertebrae  entirely  within  the  interfemoral  membrane, 
but  a  small  fleshy  tip  extending  very  slightly  beyond ;  postcalcaneal 
lobe  comparatively  small,  sharply  emarginate  anteriorly  and  evenly 
sloping  posteriorly.  Hair  extending  only  slightly  on  to  wings  but 
thinly  covering  the  interfemoral  membrane  to  line  of  ankles  and, 
along  tail,  to  slightly  beyond.  Color  (from  alcoholic  specimens) 
apparently  much  as  in  somalicus  but  somewhat  darker  throughout ; 
wings  dark  grayish  brown,  faintly  lined  along  posterior  edges  with 
buflfy;  interfemoral  membrane  slightly  lighter  than  wings.  Skull 
decidedly  larger  than  in  somalicus  (as  represented  by  specimens  from 
the  Northern  Guaso  Nyiro)  with  relatively  and  actually  broader 
rostrum  and  braincase,  and  relatively  much  lower  sinciput.  Upper 
inner  incisors  broad  and  heavy,  distinctly  bifurcate  at  tip  (except  in 
a  much  worn  specimen)  ;  outer  upper  incisors  small,  barely  reaching 
beyond  cingulum  of  inner  incisors.  Lower  incisors  all  trifid,  con- 
siderably crowded  in  the  row.  Cheek  teeth  essentially  as  in  somalicus 
but  slightly  more  robust. 

Measurements. — Type :  Forearm,  29.6  mm. ;  outer  height  ear, 
12.3;  greatest  breadth  ear,  8.1 ;  tragus  from  outer  notch,  5.4;  third 
finger  metacarpal,  26.8;  first  phalanx,  10.3 ;  fourth  finger  metacarpal, 
27.7;  first  phalanx,  9.2;  fifth  finger  metacarpal,  28.1 ;  first  phalanx, 
7.3;  tibia  and  foot,  including  claws,  16.  Skull:  Greatest  leno^h, 
12.8;  condylobasal  length,  11.8;  breadth  of  braincase,  6.8;  depth  of 
braincase,  4.6;  mastoid  breadth,  7.3;  postorbital  constriction,  3.5; 
mandible,  8.8.  Teeth :  Upper  maxillary  row,  4.3 ;  breadth  across 
upper  canines,  3.9 ;  entire  lower  row,  5.8. 

Remarks. — In  addition  to  other  characters,  this  species  may  readily 
be  separated  from  the  other  small  forms  of  Eptesicus  known  in  East 
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Africa  by  its  dark-colored  wing  membranes  [distinguishing  from 
tenuipinnis,  rendalli,  and  phdsnta],  short  outer  upper  incisors  [dis- 
tinguishing from  grandidieri],  large,  flattened  skull,  and  distinctly 
bifurcate  inner  upper  incisors  [distinguishing  from  somalicus].  In 
addition  to  the  type  there  are  two  topotypes  and  three  other  specimens 
from  Gondokoro  in  the  collection. 

C&SREPEON  PUMILUS  NAIVASELfi,  rabsp.  sov. 

Type  from  Naivasha  Station,  British  East  Africa.  United  States 
National  Museum  No.  166658,  male,  in  alcohol,  with  skull  removed. 
Collected  August  7,  1909,  by  J.  Alden  Loring.    Orig.  No.  6955. 

Description. — Like  Cheer ephon  pumilus  pumilus  Cretzschmar,  but 
larger,  with  longer  f\  rearm  and  larger  skull ;  color  averaging  some- 
what darker. 

Measurements. — Type,  compared  with  adult  male  of  true  pumilus 
from  Saaita,  Eritrea  (number  143166),  measurements  of  the  latter 
in  parentheses:  Forearm,  42  (38)  mm.;  skull,  condylobasal  length, 
x6.o  (15.4)  ;  zygomatic  breadth,  ia8  (104)  ;  interorbital  constriction, 
4.0  (3.6)  ;  mastoid  breadth,  9.9  (9.2)  ;  mandible,  11.7  (11.8)  ;  maxil- 
lary tooth  row,  including  canine,  6.3  (6.2)  ;  entire  lower  tooth  row, 
7.3  (7.0).  Average  of  length  of  forearm  in  fifteen  adults  of 
naivashce,  40.3 ;  in  eighteen  adults  of  pumilus  from  Eritrea,  Sudan, 
and  Northern  Uganda,  36.5. 

6ENETTA  PUMILA,  sp.  nov. 

Type  from  Mount  Gargues  (North  Creek,  at  6,000  feet),  British 
East  Africa.  United  States  National  Museum  No.  182704,  skin  and 
skull  of  adult  male  (basal  suture  closed).  Collected  September  i, 
191 1,  by  Edmund  Heller.    Orig.  No.  4193. 

Description. — Like  Genetta  stuhlmanni  Matschie,  but  much  smaller, 
with  smaller  skull  and  teeth.  Color  as  in  the  paler  specimens  ol 
stuhlmanni  which  approach  somewhat  the  characteristic  coloration 
of  G.  erlangeri  Matschie.  Ground  color  of  body  buff  or  cream-buff 
with  a  grayish  tinge  ;  dorsal  stripe  blackish ;  large  spots  along  dorsal 
stripe  reddish  brown ;  smaller  spots  on  hips  and  flanks  seal-brown  or 
blackish ;  outer  shoulder  stripes,  from  crown  to  arms,  sharply  marked, 
the  three  inner  stripes  to  withers  much  less  distinct ;  crown  reddish 
brown,  a  narrow  stripe  of  same  color  extending  to  the  duller  brown 
of  nose;  sides  of  face  sharply  marked  by  buffy  white  {>atch  between 
eye  and  lips ;  upper  Hps  whitish ;  fore  and  hind  feet  buffy  above, 
the  hind  feet  dark  brown  below.     Chin  and  throat  grayish  buff; 
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lower  neck  buffy,  sparingly  spotted  with  reddish  brOwn ;  underparts 
of  body  yellowish  buff,  the  middle  area  spotted  with  dark  brown, 
the  lower  belly  unspotted.  Tail  with  nine  dark  bands  of  reddish 
brown,  those  of  mid-tail  almost  chestnut,  and  eight  liglit  bands  of 
buff  hairs  with  darker,  pale  reddish  brown  tips.  Tip  of  tail  broadly 
dark  blackish  brown. 

Measurements  of  type. — Head  and  body,  380  mm. ;  tail  vertebrae, 
355 ;  hind  foot,  76 ;  ear,  38.  Skull  and  teeth :  Condylobasal  length, 
75;  zygomatic  breadth,  38;  mastoid  breadth,  24.6;  interorbital 
breadth,  10;  lachrymal  foramen  to  alveolar  point,  23.3 ;  mandible,  51 ; 
upper  tooth  row,  including  canine,  29.5;  upper  carnassial,  7.0x4.3; 
lower  tooth  row,  including  canine,  32.6. 

Remarks. — In  a  series  of  fifty  specimens  of  genets  of  this  group 
from  British  East  Africa  this  specimen  is  remarkable  for  its  very 
small  size.  Although  the  animal  is  an  adult  male,  the  skull  is  much 
smaller  than  skulls  of  considerably  younger  females  of  other  species, 
and  when  compared  with  male  skulls  of  stuhlmanni  or  erlangeri  of 
equal  age  is  actually  diminutive.  There  is  only  a  single  specimen 
in  the  collection.  A  genet  from  the  neighboring  Mount  Lololokwi 
is  referred  to  Genetta  stuhlmanni.  It  is  somewhat  younger  than  the 
type  of  pmnila  but  has  a  much  larger  skull.  There  will  be  no  difficulty 
in  distinguishing,  by  size  alone,  either  skins  or  skulls  of  this  new 
form  from  other  genets  found  in  the  same  general  region. 

iniNGOS  SANGUINEUS  PARVIPES,  subsp.  nov. 

Type  from  Kaimosi,  British  East  Africa.  United  States  National 
Museum  No.  182739,  skin  and  skull  of  adult  male  (basal  and  nasal 
sutures  closed).  Collected  February  5,  1912,  by  Edmund  Heller. 
Orig.  No.  5601. 

Description. — Smaller  than  Mungos  sanguineus  ibea  Wroughton 
and  M.  s.  proteus  Thomas,  with  smaller  hind  foot  and  skull.  Type, 
in  blackish  phase,  darker,  more  blackish,  than  proteus;  general 
color  dull  blackish,  indistinctly  marked  with  minute  vcrmicula- 
tions  of  brownish,  the  sides  of  neck,  sides  of  body,  and  middle 
of  tail  especially  so  marked ;  head,  nape,  center  of  back,  hands 
and  feet,  and  terminal  third  of  tail  almost  pure  dull  blackish; 
underfur  everywhere  brownish  black.  A  specimen  in  the  grizzled 
phase  is  much  like  certain  specimens  of  M.  s.  ibea  in  like  coat,  but  is 
generally  darker  and  richer  colored,  with  more  ochraceous  than  in 
any  specimen  of  ibece  in  the  National  Museum  collections;  under 
side  of  tail  especially  brighter  ochraceous,  the  median  line  scarcely 
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Remarks. — This  new  form  differs  from  H.  atkinsoni  in  its  rich 
russet  colored  face  and  muzzle,  longer  tail,  larger  hind  foot,  and 
presence  of  a  conspicuous  internal  cusp  on  pm  *.  From  H.  macmiUani 
it  is  distinguished  by  longer  tail  and  hind  foot,  the  less  finely  speckled 
upperparts,  the  speckled  upper  half  of  the  hand  and  foot,  and  the 
conspicuous  russet  stripe  entire  length  of  under  side  of  tail.  It  needs 
no  special  comparison  with  Helogale  hirtula  ahlselli  Lonnberg,  which 
is  found  in  the  same  general  region. 
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During  the  summer  of  1914  the  writer  had  the  good  fortune  to 
make  a  rather  extended  trip  along  the  Alaskan  coast.  Besides  brief 
visits  to  one  or  two  points  in  southern  Alaska  and  the  Aleutian 
Islands,  stops  of  varying  extent,  but  mostly  of  brief  duration,  were 
made  at  practically  every  village  between  the  mouth  of  the  Yukon 
River  and  Barrow,  as  well  as  several  of  the  islands  in  Bering  Sea 
and  four  points  on  the  Siberian  coast.  The  trip  was  made  in  the 
interest  of  Mr.  A.  C.  Bent,  to  obtain  data,  and  especially  nesting 
photographs,  for  his  work  on  the  "  Life  Histories  of  North  American 
Birds." 

We  left  Seattle  May  12  on  the  Revenue  Cutter  Bear,  and  for  four 
days  steamed  slowly  northward  through  the  narrow  and  often  tor- 
tuous channels  of  the  "  Inside  Passage."  The  scenery  was  delightful. 
Mountains,  clothed  with  the  luxuriant  evergreen  growth  so  char- 
acteristic of  the  northwest  coast,  rose  abruptly  from  the  water's  edge, 
with  here  and  there  a  loftier  peak,  capped  with  snow,  towering  above 
its  neighbors.  Wooded  islands  were  sighted  and  left  behind,  and 
once  or  twice  we  passed  a  small  steamer.  Finally  we  dropped  anchor 
at  Ketchikan  on  the  afternoon  of  May  16. 

This  part  of  the  country  is  heavily  wooded  with  great  evergreens. 
Beneath  the  trees  the  partly  decayed  trunks  of  fallen  trees  are  numer- 
ous ;  these  and  the  ground  itself  being  covered  with  a  heavy  growth 
of  green  mosses,  and  everything  dripping  with  moisture.  Small  birds 
did  not  appear  to  be  plentiful,  but  our  stay  was  too  short  to  allow 
of  any  extended  work.  Northern  Bald  Eagles  were  common  and  we 
found  one  or  two  species  here  which  were  not  seen  at  any  other  place. 

We  left  Ketchikan  that  night  and  passed  out  through  Dixon's 
Entrance,  heading  for  Unalaska.  Although  the  weather  was  fine,  a 
heavy  swell  caused  us  to  roll  badly.  Soon  after  leaving  the  land 
behind,  I  began  to  notice  various  members  of  the  Tubinares.  These 
became  more  abundant  as  we  neared  the  "  pass."    Sooty  Shearwaters 
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were  the  most  common,  with  Fork-tailed  Petrels  next.  Leach's  and 
Fisher's  Petrels  were  often  seen,  and  several  Black- footed  Albatrosses 
followed  us  until  we  neared  land,  when  they  disappeared. 

As  we  approached  Unimak  Pass  the  ntunber  of  birds  increased  to 
a  point  almost  beyond  belief.  As  far  as  the  eye  could  see  great  masses 
of  birds  were  bedded  on  the  water.  California  (and  perhaps  Pallas's) 
Murres  and  Tufted  Puffins  were  everywhere,  with  a  smaller  propor- 
tion of  Horned  Puffins.  As  we  steamed  through  the  pass,  they 
swam  or  fluttered  to  one  side  barely  clearing  the  sides  of  the  vessel. 
Ahead  of  us  great  clouds  of  Sooty  Shearwaters  rose,  and  flying  a 
short  distance,  again  settled  on  the  water.  It  was  utterly  impossible 
to  form  any  definite  estimate  of  the  number  of  birds  seen.  "  Hun- 
dreds of  thousands "  does  not  exaggerate  their  abundance.  Wc 
were  several  hours  in  going  through  the  pass  and  it  was  not  until 
we  reached  Unalaska  in  the  evening,  that  we  saw  the  last  of  this 
vast  number  of  birds. 

We  planned  to  spend  two  days  at  Unalaska  but  a  bad  storm  kept 
us  there  a  third.  The  time  was  profitably  spent  collecting  the  various 
species  peculiar  to  this  locality. 

Our  next  stops  were  at  St.  George  and  St.  Paul  Islands,  but  we  did 
not  land.  Crested,  Paroquet,  and  Least  Auklets,  and  Rodger's  Ful- 
mars, were  about  the  ship  during  our  brief  stays  here. 

Nome  was  our  next  port,  which  we  reached  on  June  i.  I  shall 
long  remember  the  novelty  of  this  day's  experiences.  Early  in  the 
morning  we  sighted  ice  and  the  day  was  spent  laboriously  forcing  our 
way  through  it.  We  finally  anchored  to  the  ice  a  little  way  off  shore 
about  10.30  p.  m.,  and  dog  teams  came  out  from  the  town  and  took 
off  the  mail.  During  the  day  we  had  been  within  sight  of  the  steamer 
Corwin — formerly  a  revenue  cutter,  but  now  owned  and  operated  by 
a  Seattle  steamship  company — ^and  just  before  midnight  she 
steamed  in  and  anchored  near  us.  Her  passengers  were  landed  on 
the  ice  and  transferred  by  dog  team  to  the  shore.  The  long  Arctic 
day  was  drawing  to  a  close,  but  there  was  still  enough  light  to  obtain 
photographs  of  this  interesting  scene. 

After  leaving  Nome  we  were  again  delayed  by  ice,  but  reached  St. 
Michael  early  in  the  morning  of  June  5.  Here  I  left  the  ship,  and 
arrangements  being  made  with  the  owner  of  a  small  open  power- 
boat to  carry  me  and  my  outfit  to  the  mouth  of  the  Yukon  River,  we 
left  St.  Michael  Monday  morning,  June  8.  We  went  through  the 
"  canal "  (so  called), a  tide  channel  which  separates  St.  Michael  Island 
from  the  mainland.    When  a  distance  of  about  25  miles  had  been 
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covered  a  storm  arose  which  forced  us  to  make  camp,  and  I  remained 
here  until  June  ii.  Although  impatient  of  this  delay,  I  found  birds 
plentiful  and  the  time  was  employed  to  good  advantage.  Eggs  of  the 
Pectoral  Sandpiper  and  Long-billed  Dowitcher,  as  well  as  several 
other  species,  were  secured  while  here.  At  last  we  were  able  to 
resume  our  journey  and  left  this  point  about  seven  o'clock  at  night 
and  reached  our  destination  at  four  o'clock  the  next  morning. 

Headquarters  were  established  at  the  wireless  station  at  the  mouth 
of  the  river.  There  were  no  houses  near ;  the  village  of  Kotlik,  eight 
miles  away,  being  the  nearest  settlement.  The  people  of  this  village, 
mostly  natives,  were  at  this  time  at  their  summer  fishing  camps,  some 
distance  away.  Excepting  the  men  at  the  station,  I  saw  almost  no 
one  during  my  stay  here. 

The  country  is  low  tundra,  very  little  above  sea  level,  flat  and 
monotonous.  It  is  dotted  with  little  sloughs  and  ponds,  and  inter- 
sected by  numerous  creeks.  The  drier  parts  are  covered  with  a 
grayish  moss  and  a  little  grass  and  low  creeping  vines,  but  about 
the  creeks  the  grass  is  heavier  and  greener.  Small  clumps  of  dwarf 
willows  and  alders  are  found  in  places.  Scattered  along  the  shore 
of  the  river  are  low  mud  flats,  sometimes  quite  extensive.  They  are 
covered  by  water  at  high  tide  and  support  a  scant  growth  of  stiff, 
coarse  grass  about  6  or  8  inches  high.  These  flats  make  safe  feed- 
ing grounds  for  Little  Brown  Cranes  and  geese,  as  it  is  impossible 
to  approach  them  unobserved.  So  bare  and  level  is  the  country  that 
a  photograph  of  the  river,  taken  from  the  shore,  shows  the  opposite 
bank  as  nothing  but  a  straight  black  line,  such  as  might  be  made 
across  the  print  with  a  ruler  and  coarse  stub  pen. 

The  bulk  of  the  breeding  season  was  spent  here,  during  which 
time  many  miles  of  tundra  were  tramped  over,  and  with  a  boat  I 
explored  such  of  the  flats  in  the  river  as  I  could  reach.  I  fotmd 
Pintails  and  several  species  of  shore  birds  breeding  abundantly. 
Gulls,  Terns,  and  Jaegers  were  common,  and  among  the  willows 
and  alders  were  Hoary  and  common  Redpolls,  and  Alaska  Yellow 
Wagtails.  Willow  Ptarmigan  and  Alaska  Longspurs  were  common 
and  widely  distributed  species  in  the  region. 

Several  species  found  by  Mr.  Nelson  at  the  time  of  his  visit  were 
not  seen  by  me,  or  were  present  in  very  small  numbers.  As  I  was 
in  the  country  a  comparatively  short  time,  I  was  not  able  to  explore 
a  large  section,  especially  the  great  expanse  of  territory  between  the 
Yukon  and  Kuskoquim  Rivers.  Could  I  have  done  so  it  is  possible 
that  I  would  have  found  some  of  these  species,  although,  personally. 
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I  belkrc  that  many  of  the  geese  and  other  water  birds  that  Mr. 
Xelson  fotmd  in  such  large  numbers,  now  breed  there  very  rarely 
or  not  at  all. 

Leaving  the  Yukon  in  July,  I  returned  to  Nome  and  rejoined  the 
Bear,  the  remainder  of  the  summer  being  spent  in  cruising  along  the 
coast.  Stops  were  made  at  the  following  places  on  the  dates 
indicated: 

Golo^in  Bay,  July  13  and  21. 

St.  Lawrence  Island,  July  24  and  25. 

Sl  Lawrence  Bay,  Siberia,  July  26. 

Teller  Reindeer  Station.  Alaska,  lulv  28. 

Cape  Prince  of  Wales,  July  29. 

Decring,  August  i. 

Chamisso  Island,  Kotzebue  Sound,  August  i  to  3. 

Cape  ELspenbcrg.  AujBust  5. 

Point  Hope,  August  7. 

Cape  Dyer,  August  7  (^at  9  p.  m. ». 

Cape  Lisbume,  August  8. 

Wainwrighi  Inlet,  August  10  to  20. 

Point  Franklin.  August  18  and  20. 

Barrow,  August  21. 

Golo^-in  Bay,  a  narrow  inlet  surrounded  by  low  hills,  was  a  par- 
ticularly favorable  spot  for  small  land  birds.  Low  i^iillows  were 
more  in  e^-idence  here  than  at  most  places  on  the  coast,  and  in  them 
were  found  several  species  not  noted  elsewhere.  St.  Lawrence 
Island  impressed  me  as  a  particularly  promising  locality  and  I  would 
gladly  have  spent  more  time  there.  At  two  places  on  the  north  side  of 
the  island  where  landings  were  made,  the  land  was  high  rolling 
tundra.  At  the  northwestern  part,  a  native  village  is  located  on  a 
level  gravel  spit.  Back  of  the  village  rise  high  cliffs  in  which  Crested. 
Paroquet,  and  Least  Auklets,  P^Uas's  Murres,  Pacific  Kitti\^*akes, 
Glaucous  Gulls.  Homed  Puffins,  and  perhaps  Rodger's  Fulmars, 
were  breeding.  The  natives  are  superior  to  any  I  saw  on  the  main- 
land. They  are  unusually  clean,  have  substantially  built  houses 
and  good  boats.  The  excellent  English  spoken  by  many  of  them, 
and  the  evidence  of  their  familiarity  ^-ith  the  use  of  soap  and  water, 
reflect  great  credit  on  the  government  school  and  its  teacher. 

Near  Deering,  on  the  north  coast  of  the  Seward  Peninsula,  are 
several  rockv  cliffs  where  Pallas's  Murres  and  Homed  Puffins  breed. 
Several  Gj-rfalcons  were  seen  about  these  cliffs  and  probably  bred 
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here.  Chamisso  Island,  and  Puffin  Island  near  by,  contained  the 
largest  breeding  colonies  of  Horned  Puffins  that  I  saw  anywhere  ir 
Alaska.  On  Puffin  Island  they  were  crowded  together  on  the  rocks 
and  cliffs,  and  for  every  bird  thus  seen  there  was  (presumably)  a 
mate  hidden  away  among  the  rocks  or  in  the  nesting  burrows.  Those 
that  could  not  find  room  on  Puffin  Island  had  settled  on  Chamisso 
Here  there  were  about  three  thousand  pairs  of  birds,  but  it  was 
impossible  to  even  guess  how  many  were  on  Puffin  Island.  Besides 
the  Puffins  were  many  Pallas's  Murres  and  about  four  hundrec 
Pacific  Kittiwakes. 

One  of  the  most  interesting  localities  north  of  Kotzebue  Sounc 
was  Point  Hope.  Behind  a  long  gravel  spit  was  a  large  lagoon 
bordered  by  an  extent  of  level  tundra.  At  the  farther  end  of  the 
spit  was  a  native  village  with  a  smaller  lagoon.  Birds  of  many  kind* 
were  seen  everywhere.  In  the  large  lagoon  were  Old-squaws  anc 
various  ducks;  on  the  end  of  the  spit  rested  a  large  flock  of  gulls 
while  Pallas's  Murres  were  flying  by  outside.  In  the  village,  Snow 
Buntings,  (Ruddy?)  Turnstones,  Red-backed  Sandpipers,  and  Alaska 
Longspurs  were  much  in  evidence,  and  in  the  small  lagoon  Northen 
Phalaropes  and  a  small  flock  of  Sabine's  Gulls  were  swimming,  whih 
many  small  sandpipers  waded  about  the  shore. 

About  Cape  Dyer  and  Cape  Lisburne  the  shore  is  more  or  lesj 
rocky,  but  north  of  this  latter  point  it  again  becomes  level  tundra  bui 
little  higher  than  sea  level.  North  of  Point  Franklin  it  rises  grad- 
ually, although  still  level,  and  in  places  attains  an  elevation  oi 
probably   30  or  40  feet. 

The  first  ice  was  encountered  on  this  northern  trip  as  we  passec 
Icy  Cape,  and  when  Wainwright  Inlet  was  reached  we  were  forcec 
to  stop.  Here  10  days  were  spent,  sometimes  going  ahead  a  few 
miles  as  an  apparent  "  lead  "  opened  through  the  ice,  only  to  be  com 
pelled  to  retreat  later.  At  last,  on  August  20,  a  favorable  wine 
allowed  us  to  go  forward  with  some  prospect  of  successfully  reach 
ing  our  destination,  and  the  following  evening  we  made  Barrow 
With  the  ice  conditions  so  bad,  it  was  unsafe  to  stay  here  any  longei 
than  necessary,  so  having  landed  the  mail,  and  taken  aboard  severa 
men  who  had  been  caught  by  the  ice  the  previous  season  and  obligee 
to  winter  there,  we  turned  south.  Among  the  men  who  came  aboar( 
at  Barrow  was  Mr.  W.  S.  Brooks,  a  member  of  the  Polar  Bear  party 
Mr.  Brooks  had  been  collecting  for  the  Museum  of  Comparative 
Zoology.    He  had  reached  Barrow  but  a  few  days  previous  to  ou 
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arrival,  having  travelled  from  the  eastward  on  a  small  gasoline 
schooner  bringing  his  collections  with  him. 

As  soon  as  the  ship  was  out  of  the  ice  the  course  was  changed  to 
west  and  an  effort  made  to  reach  Wrangel  Island,  where  the  ship- 
wrecked crew  of  the  Karluk  was  known  to  have  wintered.  Fog, 
snow,  and  general  bad  weather  prevented  our  reaching  this  point, 
and  after  lo  days  cruising  we  returned  to  Nome  for  more  coal.  On 
the  way  stops  were  made  at  two  points  near  Cape  Serdze,  and  at 
East  Cape,  Siberia.  Cape  Serdze  is  a  high  rocky  point.  Each  side  of 
the  cape  are  stretches  of  low  rolling  tundra  with  several  lagoons. 
East  Cape  is  marked  by  a  rocky  precipice  rising  abruptly  from  the  sea 
to  a  height  of  several  hundred  feet.  Large  colonies  of  Pallas's 
Murres,  Horned  Puffins,  and  Pacific  Kittiwakes  were  breeding  on 
the  cliffs.  At  both  capes  are  small  native  villages.  From  Nome  the 
writer  took  passage  for  Seattle  on  the  steamship  Victoria, 

During  the  season  careful  notes  were  recorded  of  all  birds  seen 
or  taken.  A  daily  list  was  made  in  which  were  entered  the  species 
seen  and  their  abundance,  the  actual  ntunbers  present  being  set 
down  whenever  possible.  A  field  journal  was  also  kept  wherein 
were  entered  accounts  of  the  localities  visited,  the  character  of  the 
country,  flowers  or  animals  seen,  and  any  other  items  of  interest  not 
properly  belonging  to  the  daily  list.  In  addition  to  the  above,  exten- 
sive notes  were  made  on  the  habits  of  the  various  species.  In  the 
list  which  follows  I  have  omitted  these  latter  notes,  as  this  material 
will  be  used  by  Mr.  Bent  in  his  forthcoming  work.  . 

In  conclusion  I  desire  to  express  my  thanks  for  courtesies  received. 
Acknowledgments  are  due  the  Revenue  Cutter  Service  for  permis- 
sion to  accompany  the  Bear,  and  to  Mr.  H.  J.  Lee,  U.  S.  Deputy 
Marshal  at  St.  Michael,  for  assistance  in  securing  transportation 
to  the  mouth  of  the  Yukon  River. 

Especially  do  I  appreciate  the  many  kindnesses  extended  to  me 
by  Capt.  C.  S.  Cochran  and  his  officers  while  aboard  the  Bear. 
Everything  possible  was  done  to  facilitate  my  work  and  to  make  the 
trip  comfortable  and  pleasant.  My  thanks  are  also  due  Messrs. 
S.  F.  Rathbun  and  D.  E.  Brown  for  favors  received  while  in 
Seattle. 

Finally,  I  wish  to  express  my  indebtedness  to  Mr.  A.  C.  Bent  of 
Taunton,  Massachusetts,  through  whose  kindness  and  generosity  I 
was  enabled  to  make  the  journey  here  described. 
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LIST  OF  SPECIES 

COLUMBUS  AURITUS 

Homed  Grebe 

Not  common.  The  species  was  noted  several  times  in  the  slough 
and  creeks  at  the  mouth  of  the  Yukon.  Near  Deering  three  bird 
were  seen  together  a  short  distance  out  from  shore  on  August  1 
They  allowed  us  to  row  quite  near  to  them  when  they  dove  an( 
swam  away.  This  was  the  farthest  north  that  the  species  wa 
seen.    No  specimens  were  taken. 

6AVIA  ADAMSI 

Yellow-billei  Loon 

Although  constantly  on  the  watch  for  this  species,  I  saw  n< 
indication  of  its  presence  until  we  reached  Kivalina,  a  few  mile 
south  of  Point  Hope.  Here  a  native  brought  out  a  skin  from  th 
head  of  a  bird  which  he  had  shot  the  previous  week.  Upon  beinj 
questioned  he  stated  that  this  species  was  rarely  seen  there, 
was  told  a  few  breed  about  Point  Hope,  but  it  was  not  until  w< 
reached  Wainwright  Inlet  that  I  found  them  in  any  numbers.  Be 
tween  this  place  and  Point  Barrow  a  number  were  seen,  in  fac 
they  were  fairly  common  for  a  bird  of  this  family.  I  was  tol< 
a  bird  accompanied  by  a  downy  young  had  been  shot  at  Wainwrigh 
shortly  before  I  arrived. 

6AVIA  ARCTICA 

Black- throated  Loon 

6AVIA  PACIFICA 

Pacific  Loon 

As  no  specimens  were  taken  I  am  unable  to  determine  the  statu 
of  these  two  species  in  the  territory.  A  few  were  seen  about  th< 
Yukon  and  St.  Michael,  but  were  not  tame  enough  to  allow  o 
approach  to  within  gunshot  distance.  These  were  supposed  to  b 
the  Black-throated  Loon,  as  this  is  the  species  recorded  by  Nelsoi 
from  this  locality. 

North  of  Bering  Strait  they  were  more  abundant,  the  greates 
number  being  seen  between  Wainwright  Inlet  and  Point  Barrow 
Here  the  Pacific  Loon  only  is  supposed  to  occur.  While  trying  t( 
work  our  way  slowly  north,  we  surprised  a  bird,  one  day,  in  a  littl 
patch  of  open  water  of  4  or  5  yards  in  extent  and  entirely  sur 
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rounded  by  ice  cakes.  The  size  of  the  patch  of  open  water  was  not 
stiffident  to  allow  him  to  take  wing,  and  the  surrounding  ice  kept  him 
for  a  time,  from  escaping  by  diving.  As  we  could  not  stop  to  pick 
him  up,  I  did  not  shoot  the  bird,  but  watched  him  until  the  move- 
ment of  the  ice  at  last  opened  up  a  lane  of  open  water  allowing  him 
to  swim  out. 

6AVIA  STELLATA 

Red-throated  Loon 

The  most  common  Loon  in  Alaska.  The  heads  and  necks  of  this 
species  are  used  by  the  Eskimos  for  a  variety  of  fancy  articles.  The 
skin  is  removed  and  made  into  tobacco  pouches  or  split  open  and 
spread  out  flat  and  then  trimmed  into  square  or  oblong-shaped  pieces 
which  are  combined  with  similar  pieces  from  the  various  Eiders  and 
made  into  small  mats.  These  are  often  very  neatly  and  smoothly 
made  and  are  quite  pretty. 

LUNDA  CIRRHATA 

Tufted  Puffin 

From  the  Aleutian  Islands  southward,  this  is  the  commonest 
Puffin.  In  Unimak  Pass  they  are  particularly  abundant  as  already 
stated.  North  of  this  locality  the  Homed  Puffin  takes  the  place  of 
the  Tufted,  although  a  limited  number  were  noted  in  all  the  Horned 
Puffin  colonies  as  far  north  as  East  Cape,  Siberia,  and  Kotzebue 
Sound. 

FRATERCULA  CORNICULATA 

Homed  Puffin 

As  we  steamed  through  Unimak  Pass  large  numbers  of  this 
species  were  met  with  for  the  first  time.  Although  the  total  num- 
ber of  individuals  was  large,  it  is  probable  that  corniculata  did  not 
compose  more  than  lo  per  cent  of  the  thousands  of  Puffins  that 
abound  in  these  waters.  Throughout  Bering  Sea,  wherever  there  are 
steep,  rocky  cliffs  or  suitable  islands,  colonies  of  these  curious  birds 
may  be  found  breeding.  These  colonies  range  in  size  from  lOO  or 
so  pairs,  as  at  St.  Michael,  to  the  great  hordes  found  at  Chamisso 
Island,  where  it  would  be  difficult,  if  not  impossible,  to  estimate  their 
numbers. 

North  of  East  Cape,  Siberia,  and  Chamisso'  Island  the  species 
was  not  seen,  but  I  did  not  visit  the  large  colony  of  Pallas's  Murres 
at  Cape  Lisbume  where  Nelson  reports  it  as  also  breeding. 
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The  breeding  season  in  these  large  colonies  is  greatly  prolonged 
At  the  date  of  our  visit  to  Chamisso  Island  (August  2)  many  birds 
still  had  eggs  only  slightly  incubated,  while  a  larger  number  wen 
bringing  food  to  their  young.  On  July  16  I  found  that  most  of  th< 
eggs  in  the  colony  at  St.  Michael  were  hatched,  and  the  young  coulc 
be  heard  in  the  crevices  among  the  rocks,  although  they  were  beyonc 
reach.  At  the  colony  at  East  Cape  the  young  were  still  in  the  nest* 
as  late  as  August  29.  In  fact,  no  young  were  seen  either  on  th( 
wing  or  in  the  water  up  to  the  time  I  left  the  region  (September  12) 
and  none  of  the  adults  showed  any  indications  of  moult  either  oi 
bill  or  plumage. 

PHALERIS  PSITTACULA 

Paroquet  Auklct 

MTBIA  CRISTATELLA 

Crested  Auklet 

^THIA  PUSILLA 

Least  Auklet 

Myriads  of  these  interesting  little  birds  were  met  with  about  al 
the  larger  islands  of  Bering  Sea,  but  as  very  little  work  was  don< 
on  the  islands,  I  did  not  visit  their  breeding  places.  On  St.  Lawrenc< 
Island  the  natives  catch  numbers  of  them  in  nets.  At  the  time  of  m} 
visit  nearly  every  family  had  a  dozen  or  more.  I  picked  out  a  numbei 
of  the  best  birds,  thus  securing  a  good  series  of  Crested  and  Least 
but  only  found  one  Paroquet.  It  may  be  that  this  latter  species  ii 
less  plentiful  here. 

I  was  told  that  these  birds  were  used  regularly  for  food  and  wer< 
considered  very  nice  and  that  their  skins  were  used  for  clothing 
Eighty-five  skins  of  the  Crested  Auklet  were  said  be  to  used  ir 
making  a  "  parka  "  and  a  larger  number  of  the  Least  are  needed 

Auklets  were  plentiful  about  East  Cape  and  the  Diomede  Islands 
but  were  not  seen  north  of  Bering  Strait. 


SYNTHLIBORAMPHUS  ANTIQUUS 

Ancient  Murrelet 

This  species  was  met  with  only  at  Ketchikan  where  a  specimer 
was  secured.    A  number  were  seen. 
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CEPPHUS  COLUMBA 

Pigeon  Guillemot 

This  species  was  not  seen  on  the  Alaskan  coast  north  of  the 
Aleutians,  but  a  few  were  met  with  on  the  Siberian  side.  At  East 
Cape  I  estimated  there  were  about  150  birds  flying  with  the  circling 
clouds  of  Pallas's  Murres  and  Homed  Puffins. 

URIA  TROILE  CALIFORNICA 

California  Murre 

URIA  LOMVIA  ARRA 

Pallas's  Murre 

All  along  the  coast  from  the  Shumagins  to  Barrow  large  numbers 
of  Murres  were  observed.  Both  species  occur  in  the  Pribilof  Islands, 
but  north  of  that  point  Pallas*s  Murre  is  the  most  common.  All 
the  specimens  taken  (St.  Lawrence  Island  and  East  Cape)  were  of 
this  form.  They  nest  abundantly  wherever  suitable  rocky  cliflfs  are 
found.  The  most  northern  breeding  colony  is  at  Cape  Lisburne 
where  natives  brought  out  eggs  nearly  fresh  on  August  8.  Most  of 
the  Murres  at  Chamisso  Island  had  well-grown  young  on  August  2, 
but  a  few  were  still  sitting  on  their  single  eggs. 

Note. — On  August  10,  while  slowly  forcing  our  way  through  the  ice  near 
Wainwright  Inlet,  we  came  upon  a  pair  of  small  Alcidoe.  They  were  swim- 
ming in  a  bit  of  open  water  and  allowed  us  to  pass  them  at  a  distance  of 
not  more  than  50  feet.  As  we  could  not  have  picked  them  up  I  did  not 
shoot  either  but  observed  them  closely  with  a  good  glass  for  about  a  half 
hour.  They  were  glossy  black  above,  with  white  markings  on  the  scapulars 
plainly  visible,  and  throat  and  upper  breast  black.  The  small  size  and  dark  color 
of  the  bill  were  clearly  noted.  They  were  very  much  too  small  for  Murres,  with 
shorter  bill,  and  certainly  were  not  Auklets,  as  the  black  bill  and  glossy  black- 
ness of  the  plumage  indicates.  I  am  very  sure  they  were  Dovekies,  but  as 
neither  was  taken,  and  I  can  find  no  record  for  this  part  of  the  Arctic  Ocean,  I 
make  but  this  mention  of  the  species. 

STERCORARIUS  POMARINUS 

Pomarine  Jaeger 

In  Thayer  and  Bangs*  "  Notes  on  the  Birds  and  Mammals  of  the 
Arctic  Coast  of  East  Siberia  "  it  is  stated  that  "  the  Pomarine  Jaeger 
is  much  more  common  south  of  Bering  Strait  than  northward." 
This  is  doubtless  true  of  the  Siberian  coast,  but  on  the  Alaskan  side 
I  found  them  most  numerous  north  of  Kotzebue  Sound.  Nelson 
speaks  of  their  abundance  at  the  mouth  of  the  Yukon  during  the 
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spring  migration,  but  I  did  not  note  their  presence  there  during  th< 
breeding  season.  The  other  two  species  were  common.  From  Cap< 
Espenberg  to  Barrow  they  were  met  with  rather  frequently,  althougt 
usually  not  more  than  one  was  seen  at  a  time,  and  they  were  nevei 
as  common  as  the  Parasitic  and  Long-tailed. 

STBRCGRARIUS  PARASITICUS 

Parasitic  Jaeger 

This  is  the  most  evenly  distributed  and  probably  the  most  abun- 
dant Jaeger  in  Alaska,  although  exceeded  in  numbers  in  one  or  twc 
localities  by  the  Long-tailed.  They  were  found  nearly  everywhere 
that  stops  were  made  from  the  Yukon  Delta  to  Barrow.  Among  th< 
large  number  seen  during  the  summer,  only  two  were  in  the  dari 
phase  of  plumage,  one  of  which  was  secured. 

The  dusky  patches  on  the  sides  of  the  breast,  when  viewed  fronr 
a  distance,  give  this  bird  the  appearance  of  having  a  broad  blacl 
band  across  the  breast.  This  is  an  excellent  field  mark  and  readil) 
distinguishes  this  species  from  the  Long-tailed  Jaeger  when  flying 
toward  one  or  otherwise  in  a  position  where  the  tail  feathers  an 
hidden  from  sight. 

STBRCORARIUS  L0N6ICAUDUS 

Long-tailed  Jaeger 

This  graceful  bird  was  found  commonly  between  Golovin  Bay  anc 
the  mouth  of  the  Yukon  River.  About  St.  Michael  it  was  verj 
numerous.  As  we  worked  northward  it  was  rarely  seen,  until  neai 
Point  Barrow  it  again  appeared  in  numbers. 

This  species  showed  less  variations  in  pltunage  than  the  Parasitic 
The  specimens  taken  and  the  birds  observed  were  quite  tmiform  ir 
color,  although  the  length  of  the  central  tail  feathers  varied  mucJ 
in  different  birds. 

RISSA  TRIDACTYLA  POLLICARIS 

Pacific  Kittiwake 

Very  common  off  shore  throughout  the  region.  They  did  nol 
usually  come  very  near  the  land  except  where  breeding  and  they  wen 
not  seen  at  the  Yukon,  where  the  water  is  very  shallow  for  long 
distances  off  shore.  An  exception  was  noted  at  Nome  where  the) 
were  frequently  seen  flying  about  the  beach. 

They  nest  at  East  Cape,  Puffin  Island,  and  many  other  places 
On  August  2  most  of  the  nests  on  Puffin  Island  held  young  birds 
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about  one- fourth  the  size  of  adults,  but  a  few  eggs  were  noted.  The 
nests  were  inaccessible,  but  looking  over  the  edge  of  the  cliff  from 
the  top  of  the  island  I  could  see  the  contents  of  about  lOO  nests  below 
me.  At  East  Cape  young  were  still  in  the  nests  on  August  29,  but 
young  on  the  wing  were  also  seen  about  this  date. 

LASUS  HTPERBOSEUS 

Glaucous  Gull 

The  dominant  bird  of  Bering  Sea.  They  were  abundant  every- 
where north  of  the  Seal  Islands.  They  followed  the  ship  as  we 
cruised  along  the  coast  and  bedded  in  the  water  all  around  us  when 
we  anchored. 

Where  so  many  were  gathered  together,  great  variations  were 
noted  in  their  plumages.  Four  very  distinct  types  were  represented. 
First,  and  perhaps  most  abundant,  was  a  quite  dark  mottled  bird  with 
blackish  primaries  and  a  bill  mostly  dusky.  These  were  birds  of  the 
previous  year  and  were  from  10  to  12  months  old.  The  second 
stage  was  a  much  lighter,  brownish  or  ecru-colored  bird  apparently 
barred  rather  than  mottled,  with  light  primaries,  sometimes  nearly 
white,  and  a  dark  bill.  This  form  was  more  common  in  August  and 
early  September,  at  which  time  many  birds  intermediate  between 
this  and  the  first  stage  were  noted.  I  believe  this  is  the  second  winter 
plumage,  the  intermediate  specimens  seen  being  probably  moulting 
birds.  Earlier  in  the  season  (June  and  July)  a  comparatively  small 
number  similarly  colored  were  seen,  which  may  have  been  precocious 
individuals  of  about  one  year,  or  fully  as  likely  backward  birds  of 
the  second  summer  which  still  retained  the  plumage  of  the  previous 
winter.  Some  birds  in  this  plumage  also  had  gray  feathers  in  the 
back.  The  third  and  rarest  was  the  white  hutchiftsii  type.  This 
phase  was  only  seen  in  early  summer  and  seldom  were  birds  pure 
white.  Usually  they  had  a  small  amount  of  gray  in  the  mantle.  A 
bird  of  this  kind  was  shot  June  29.  I  doubt  if  this  plumage  is 
regularly  assumed  by  any  very  large  proportion  of  the  species.  I 
am  inclined  to  think  that  it  is  produced  by  birds  lacking  in  vitality  or 
otherwise  unable  to  take  on  the  complete  adult  plumage  at  one  moult. 
They  may  be  birds  that  have  started  to  acquire  the  adult  plumage 
earlier  than  usual  but  lack  the  necessary  pigment  to  produce  it  entire. 
I  think  it  represents  birds  22  to  24  months  old  in  the  second  nuptial 
plumage,  but  normally  the  second  nuptial  plumage  appears  to  be  the 
light  ecru-drab  second  stage  plus  a  greater  or  less  proportion  of 
gray  feathers  in  the  mantle.    The  fourth  type  of  plumage  was  the 
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fully  adult  with  white  underparts,  head  and  tail  and  light  pearl  gra) 
mantle.  The  proportion  of  adults  in  the  flocks  about  the  ship  waj 
small  as  most  of  the  old  birds  were  attending  to  their  domestic 
duties.  I  doubt  if  any  number  ever  assume  full  adult  plumage  unti 
the  third  winter  or  breed  before  they  are  three  years  old.  The  greai 
amount  of  variation  in  the  pltunages  of  the  immature  birds  seems  tc 
indicate  this,  the  differences  being  too  great  to  be  merely  individua 
variation  in  birds  of  the  same  age,  that  is,  one  year  old  or  less,  whicl* 
would  necessarily  be  the  case  if  the  birds  become  adult  and  breec 
when  two  years  old. 

It  may  be  of  interest  to  mention  that,  in  company  with  Mr.  D.  E 
Brown,  I  took  a  Glaucous  Gull  on  Tacoma  Bay,  May  2.  Dawsor 
and  Bowles,  in  the  "  Birds  of  Washington,"  mention  the  species  onl) 
in  the  "  hypothetical  list." 

LARUS  GLAUCESCBNS 

Glaucous-winged  Gull 

A  large  number  of  these  g^lls  followed  us  from  Seattle  to  Ketchi- 
kan. Upon  our  arrival  they  were  joined  by  others  and  were  the  mosi 
common  species  in  southeastern  Alaska.  At  Unalaska  they  wen 
abundant  and  very  tame,  and  throughout  the  southern  part  oi 
Bering  Sea  were  continually  seen.  None  were  observed  north  oi 
St.  Michael. 

LARUS  SCHISTISAGUS 

Slaty-backed  Gull 

A  small  number  were  seen  from  the  steamer  on  the  homewarc 
trip,  when  only  a  few  hours  out  from  Nome.  They  were  easil} 
identified  among  the  Pacific  Kittiwakes  and  Glaucous  Gulls. 

LARUS  OCCIDENTALIS 

Western  Gull 

LARUS  AR6ENTATUS 

Herring  Gull 

Both  these  species  were  common  about  Seattle  and  quite  a  ntunbei 
of  the  latter  followed  us  thrcugh  the  "  inside  passage  "  to  Ketchikan 
Among  the  Herring  Gulls  were  about  an  equal  number  of  Westen 
Gulls  quite  conspicuous  by  their  darker  colored  backs.  These  grad 
ually  left  us,  a  few  at  a  time,  until  by  the  time  we  anchored  ai 
Ketchikan  there  were  not  more  than  four  remaining. 
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LARUS  VEGJfi 
Vega  Gull 

This  Species  appears  in  small  numbers  off  the  coast  of  Noipe  dur- 
ing the  early  part  of  September.  Among  the  white- winged  Glaucous 
Gulls  their  presence  is  readily  detected. 

LARUS  CALIFORNICUS 

California  Gull 

LARUS  DELAWARENSIS 

Ring-billed  Gull 

Among  the  Herring  and  Western  Gulls  that  followed  the  ship 
through  the  Inside  Passage  were  several  California  Gulls.  At 
Ketchikan  they  joined  the  large  mixed  flocks  of  gulls  already  there. 
These  flocks  were  made  up  largely  of  Ring-bills  and  Glaucous- 
winged,  but  may  have  contained  other  California  Gulls  also.  The 
range  of  the  California  Gull  is  not  generally  considered  to  include 
any  part  of  Alaska,  but  I  believe  it  regularly  passes  up  and  down  the 
coast  at  least  as  far  as  this  point.  I  collected  one  bird  there  and  have 
seen  at  least  one  other  skin  taken  in  that  locality. 

The  Ring-billed  Gull  is  common  at  Ketchikan,  but  was  not  met 
with  elsewhere. 

LARUS  BRACHTRHYN CHUS 

Short-billed  Gull 

Very  common  about  St.  Michael  and  the  Yukon  Delta.  Not  found 
north  of  Norton  Sound.  On  the  homeward  voyage  the  steamer 
stopped  at  St.  Michael,  September  9.  At  this  date  nearly  all  had 
left  for  the  south,  only  one  or. two  being  seen. 

XEBIA  SABINI 

Sabine's  Gull 

This  exquisite  little  gull  is  very  plentiful  at  St.  Michael  and  also 
quite  common  at  the  mouth  of  the  Yukon.  It  appears  to  be  unevenly 
distributed  although  generally  numerous  in  any  locality  where  it 
occurs  at  all.  None  were  seen  north  of  St.  Michael  until  Point  Hope 
was  reached,  where  a  small  flock  was  seen  and  one  specimen  taken. 
They  were  next  met  with  a  few  miles  south  of  Point  Barrow. 
Among  a  very  large  flock  of  Jaegers,  Pacific  Kittiwakes,  and  Arctic 
Terns  were  about  100  Sabine's  Gulls.  They  were  also  seen  at  Cape 
Serdze,  Siberia,  where  the  first  young  birds  were  noted  on  August 
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28.  July  14  a  bird  was  seen  with  some  white  feathers  in  the  darl 
hood. (perhaps  a  bird  in  first  nuptial  plumage),  but  even  as  late  a 
September  9  very  few  birds  showed  much  sign  of  moult.  I  saw  n- 
missing  flight  feathers  and  very  little  white  about  the  head.  Severs 
of  the  spring  birds  collected,  but  not  over  25  per  cent,  had  a  fain 
tinge  of  pink  on  the  underparts  which  was  always  lost  before  th 
specimen  became  wholly  dry. 

Birds  in  any  plumage  can  be  identified  in  life  by  the  arrangemen 
of  the  white  feathers  in  the  wing.  When  flymg  they  appear  to  hav 
a  large  wedge-shaped  piece  taken  from  the  center  of  each  wing. 

STERNA  PARADISiEA 

Arctic  Tern 

A  very  common  bird  throughout  the  region. 

STERNA  ALEUTICA 

Aleutian  Tern 

My  first  sight  of  this  rare  bird  was  on  June  3,  when  in  the  ice 
few  miles  off  Cape  Nome.    Two  terns  were  seen  approaching  an 
were  watched  through  a  good  glass  as  they  passed  close  to  the  shij 
The  light  was  favorable  and  the  white  forehead  was  plainly  seei 

The  next  meeting  with  the  species  was  on  July  8.  I  had  becom 
temporarily  separated  from  my  baggage  and  the  day  had  been  spei 
in  an  effort  to  get  it.  Toward  evening  I  borrowed  a  gun  and 
handful  of  shells  loaded  with  nimiber  two  shot — ^the  smallest  I  coul 
get —  and  started  out  for  a  short  stroll.  I  was  told  of  some  Spe< 
tacled  Eiders  that  had  been  seen  a  few  days  bejfore  by  a  native,  s 
obtaining  a  boat  I  rowed  out  on  the  bay.  I  saw  nothing  of  tt 
Eiders  and  after  rowing  some  distance  I  had  about  decided  to  retur 
for  it  was  nearly  nine  o'clock  and  the  sun  was  getting  low,  when 
sighted  a  small  island.  Several  terns  were  flying  about  so  I  landc 
to  look  for  nests.  As  I  did  so  I  saw  at  once  that  they  were  n( 
Arctic  Terns.  Two  were  shot  and  proved  to  be,  as  I  expecte 
Aleutian  Terns.  As  the  large  shot  made  bad  work  of  their  plumag 
I  did  not  kill  any  more  at  this  time.  A  hasty  search  showed  no  nes 
and  I  reluctantly  left  the  island  with  the  determination,  however,  1 
return  as  soon  as  possible. 

This  I  did  not  do  until  July  17,  on  which  date  I  secured  13  mo 
birds.  I  went  over  the  island  very  carefully  but  found  no  nest 
although  the  birds  were  doubtless  breeding  somewhere  near.  Tl 
birds  collected  had  evidently  laid  eggs  at  a  fairly  recent  date.     > 
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young  were  seen  on  the  wing  and  the  total  ntunber  of  adults  did 
not  exceed  (apparently)  lOO  birds. 

The  Aleutian  Tern  is  easily  distinguished  from  the  Arctic  Tern 
in  life.  It  appears  larger  and  much  darker,  in  some  lights  nearly 
black.  The  white  forehead  is  rarely  visible  unless  the  bird  is  flying 
low  and  the  light  is  strong. 

DIOMEDEA  NIGSIPES 

Black- footed  Albatross 

Common  on  the  Pacific  but  not  seen  in  Bering  Sea.  Among  the 
birds  that  followed  the  ship  were  some  probably  younger  birds  in 
which  the  white  about  the  base  of  the  bill  and  upon  the  rump  was 
much  restricted,  or  occasionally  seemed  to  be  wholly  absent.  Also 
one  or  two  were  seen  in  which  the  white  about  the  face  was  of 
larger  extent  than  usual. 

On  the  homeward  voyage  the  species  was  more  abundant  than  in 
the  spring.  Nine  birds  were  counted  at  one  time  and  it  was  not  until 
within  about  75  miles  of  Vancouver  Island  that  the  last  one  dis- 
appeared. 

FULMARUS  RODGERSI 
Rodger's  Fulmar 

Often  abundant  in  rough  weather,  especially  about  the  Seal 
Islands,  East  Cape  and  other  rocky  cliffs  in  Bering  Sea.  A  number 
were  seen  in  the  Arctic  Ocean  some  hundred  and  fifty  miles  north 
of  Cape  Serdze,  Siberia. 

As  we  pitched  about  in  the  rough  weather  the  Fulmars  came  close 
about  the  ship  and  often  rested  on  the  water  like  gulls.  At  such 
times,  as  we  rode  high  over  the  oncoming  waves,  one  could  look 
down  on  the  backs  of  a  score  or  more  of  these  birds  calmly  resting 
in  the  trough  of  the  sea  with  huge  masses  of  swirling  gray  water 
threatening  to  engulf  them  at  every  turn.  In  such  positions  I  could 
note  every  detail  of  their  plumage.  Many  had  the  gray  of  the 
mantle  as  extensive  and  unbroken  as  in  glupischa. 

PUFFINUS  GRISEUS 

Sooty  Shearwater 

PUFFINUS  TENUIROSTRIS 

Slender-billed  Shearwater 

I  have  already  spoken  of  the  thousands  of  Sooty  Shearwaters 
in  the  North  Pacific  and  about  the  Aleutian  Islands.    Among  these 
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a  smaller  bird  was  sometimes  noted  with  a  lighter  colored  throa 
which  I  referred  to  the  Slender-billed.  I  do  not  believe,  howeve 
that  there  is  any  character  conspicuous  enough  to  positively  identif 
this  species  in  life,  and  it  is  probable  that  both  of  the  above  speci< 
were  equally  abundant.  They  did  not  extend  very  far  into  Berin 
Sea  and  on  my  return  in  early  September  most  of  them  had  lef 
although  two  or  three  good  sized  flocks  were  still  to  be  seen. 

iBSTRELATA  FISHERI 

Fisher's  Petrel 

One  of  the  pleasures  of  the  trip  across  the  North  Pacific  was  tl: 
repeated  occurrence  of  this  species.  The  first  one  was  seen  May  i< 
and  during  the  next  three  days  they  were  very  common.  May  2 
we  were  near  the  Shumagin  Islands  and  none  were  noted.  On  tJ 
return  two  were  observed  September  14  and  again  next  day. 

Among  the  large  dark  Shearwaters,  and  smaller  but  also  dark< 
Petrels,  this  species  was  easily  distinguished.  One  bird  came  cloi 
up  to  the  stem  of  the  vessel  where  he  was  not  more  than  25  fe< 
from  me.  He  remained  at  this  distance  for  about  three  minute 
which  gave  me  a  very  satisfactory  opportunity  to  examine  him  closel; 

OCEANODKOMA  FURCATA 

Fork-tailed  Petrel 

OCEANODROlfA  LEUCORHOA 

Leach's  Petrel 

Both  of  these  Petrels  were  very  abundant  in  the  North  Pacifi 

PHALACROCORAX  PELA6ICUS  PELA6ICUS 

Pelagic  Cormorant 

• 

This  is  the  most  common  member  of  the  family  in  the  norther 
parts  of  Bering  Sea  and  is  the  only  one  I  positively  identified.  The 
were  nesting  at  East  Cape  where  a  yoimg  bird,  able  to  fly,  was  takei 

A  Cormorant  which  I  thought  might  be  robustus,  if  that  form 
really  distinct  from  pelagicus,  was  shot  at  Unalaska  but  fell  into  t\ 
sea  a  few  feet  from  shore.    Before  I  could  get  a  boat  the  swift! 
ebbing  tide  had  carried  it  out  of  sight. 

About  St.  Paul  Island  many  Cormorants  were  flying  about  whic 
may  have  been  urile,  but  they  kept  at  a  distance  and  I  failed  to  sati; 
factorily  identify  them. 
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ANAS  PIrATTRHTHCHOS 

Mallard 

A  Mallard  was  flushed  from  her  nest  and  eight  eggs  on  June  19. 
They  were  not  common. 

NETTION  CRECCA 

European  Teal 

Lord  William  Percy  shot  one  of  these  ducks  at  Unalaska. 

NSTTION  CAKOLIH BNSE 

Green-winged  Teal 

A  female  was  taken  at  St.  Michael  June  9. 

DAFILA  ACUTA 

Pintail 

This  is  the  most  abundant  fresh  water  duck  in  Alaska.  A  number 
of  nests  were  found  about  St.  Michael  and  the  Yukon.  Not  observed 
north  of  Cape  Espenberg. 

MASILA  MARILA 

Scaup  Duck 

Quite  common  at  St.  Michael  and  the  Yukon  Delta. 

HARELDA  HTEHAUS 

Old-squaw 

This  species  was  common  at  many  points  along  the  coast.  They 
are  remarkably  tame  and  I  often  watched  birds  from  a  distance  of 
a  very  few  feet.  All  were  in  the  handsome  breeding  plumage,  but 
fully  one-half  of  the  males  had  a  trace  of  white  still  remaining  on  the 
crown,  and  some  had  quite  a  good  sized  patch  of  it.  One  curious 
specimen  was  largely  marked  with  white  on  the  entire  head  and  neck. 
Downy  young  were  taken  at  Cape  Lisbume. 

HISTRIONICUS  HISTRIONICUS 

Harlequin  Duck   . 

Quite  common  at  Unalaska  and  two  or  three  were  noted  to  the 
east  of  St.  Lawrence  Island. 
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POLTSTICTA  STELLERI 

Stellcr's  Eider 

Never  will  I  forget  my  first  meeting  with  this  handsome  Htl 
Eider.  As  we  neared  Lutke  Island,  in  St.  Lawrence  Bay,  the  sai 
was  seen  to  be  dotted  with  black  and  white  birds  which  soon  to< 
wing.  Part  were  Pacific  Eiders  which  passed  us  and  flew  out 
sea,  but  the  Steller's  remained  and  flew  around  the  island  in  a  gre 
cloud.  I  had  put  little  faith  in  the  stories  I  had  heard  of  whale 
feeding  their  entire  crews  on  these  ducks,  but  I  no  longer  doubt  th 
it  was  often  done.  We  shot  a  number  and  found  them  very'palatab 
being  far  superior  to  the  other  Eiders.  The  birds  collected  we 
all  moulting  into  "  eclipse  "  plumage  and  were  very  fat. 

We  found  the  species  common  during  the  summer  from  St.  La^ 
rence  Bay,  St.  Lawrence  Island  and  Teller  Reindeer  Station  nort 
ward  on  both  sides  of  Bering  Sea  and  along  the  Arctic  coast 
Point  Barrow.  I  understand  they  also  occur  for  some  distance 
the  eastward  of  Point  Barrow.  At  Point  Hope  I  saw  the  remai 
of  these  birds  about  the  dog  kennels,  although  the  dogs  are  usua 
fed  on  fish. 

ARCTONETTA  FISCHERI 

Spectacled  Eider 

This  Eider  is  irregularly  distributed  and  nowhere  does  it  appe 
to  be  common.  The  only  locality,  where  I  personally  saw  the  bir 
in  life  was  in  the  vicinity  of  St.  Michael,  but  they  also  occur  in  sm 
numbers  at  St.  Lawrence  Island  and  on  the  Siberian  coast  at  I 
Lawrence  Bay.  The  heads  of  this  species  are  often  combined  w 
those  of  the  Pacific  Eider,  by  the  natives,  in  various  ornamen 
articles,  and  these,  of  course,  also  served  to  indicate  the  distributi 
of  the  species.  They  are  apparently  absent  from  the  Seward  P< 
insula  north  of  Norton  Sound  and  I  failed  to  find  any  signs  of  th< 
about  the  mouth  of  the  Yukon.  A  trader  whom  I  met  told  me 
had  seen  them  between  the  Yukon  and  the  Kuskoquim,  but  I  h 
no  opportunity  to  test  the  truth  of  his  statement.  It  is  probable  tl 
they  occur  there  in  small  numbers  as  they  did  when  Nelson  visited  1 
locality. 

I  did  not  observe  them  about  Kotzebue  Sound,  and  Kivalina  v 
the  first  point  north  of  the  sound  where  I  saw  any  indication  of  th 
presence.  Here  a  native  brought  out  a  head  and  upon  being  qu 
tioned  about  the  species  he  stated  that  they  were  not  often  seen 
shot.     At  Point  Hope  I  was  told  that  they  occurred  rather  f 
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quently  and  a  few  bred.  One  had  been  shot  the  night  before  I 
arrived,  but  was  cooked  and  eaten  that  morning.  Between  Point 
Hope  and  Point  Barrow  they  occur  in  small  numbers  in  suitable 
localities. 

SOliATERIA  y-NIGRA 

Pacific  Eider 

The  most  generally  distributed  Eider  in  the  region  and  very  com- 
mon everywhere  along  the  coast.  In  the  vicinity  of  Point  Barrow 
they  are,  however,  exceeded  in  numbers  by  the  following  species. 

SOMATBRIA  SPECTABILIS 

King  Eider 

From  Cape.  Lisburne  to  Point  Barrow  this  species  occurs  abun- 
dantly. While  anchored  off  Wainwright  Inlet,  great  flocks  were 
constantly  passing.  As  you  looked  northward  over  the  great  expanse 
of  water  thickly  dotted  with  drift  ice,  the  eye  became  conscious  of  a 
faint  undulating  grayish  patch  on  the  distant  horizon,  which  ap- 
peared like  heat  waves  rising  from  the  glaring  beach  sand  of  more 
southern  regions  on  a  day  in  midsummer.  As  you  watched,  this 
indistinct  mass  gradually  became  clearer,  until  at  last  you  were  able 
to  make  out  a  vast  flock  of  flying  birds.  Although  the  individual 
birds  were  flying  swiftly,  the  flock  as  a  whole  seemed  to  move 
slowly  and  it  was  several  seconds,  often  minutes,  before  they  swept 
by,  usually  a  quarter  of  a  mile  or  more  from  the  ship,  but  the  roar  of 
their  wings  plainly  audible,  and  finally  disappeared  to  the  southwest. 
These  flocks  were  mostly  composed  of  King  Eiders,  and  there  were 
few  times  during  the  day  when  one  or  more  of  them  were  not  in 
sight. 

At  Point  Barrow  "  ice  cellars  "  are  dug  below  ground  in  which 
the  temperature  does  not  rise  above  freezing.  While  the  Eiders  are 
flying  large  numbers  are  shot  and  placed  in  these  cold  storage  cel- 
lars for  winter  use,  and  I  was  told  from  i,8oo  to  2,000  birds  were 
on  hand  at  the  time  I  landed  there.  Most  of  those  I  examined, 
although  originally  in  the  best  of  pliunage,  were  not  then  in  condi- 
tion to  make  into  good  specimens,  but  I  secured  one  male  in  nearly 
full  "  eclipse  "  that  had  been  very  recently  killed  and  was  still  un- 
frozen. 

During  the  summer  the  King  Eider  occurs  regularly  as  far  south 
as  St.  Lawrence  Island  where  they  doubtless  breed,  but  I  did  not  find 
them  about  St.  Michael  or  anywhere  to  the  southward. 
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OIDEMIA  AMERICANA 

Scoter 

OIDEIOA  DEGLANDI 

White-winged  Scoter 

OIDEBOA  PERSPICILLATA 

Surf  Scoter 

About  St.  Michael  the  American  Scoter  was  noted  several  time 
and  a  few  were  also  seen  at  the  mouth  of  the  Yukon  where  a  femal 
was  taken.  The  White-winged  Scoter  was  not  seen  north  o: 
Unalaska,  where  it  was  rather  common.  They  were  also  plentiful  a 
Ketchikan  and  probably  occur  all  along  the  coast  of  southern  Alaska 
I  saw  very  little  of  the  Surf  Scoter,  although  it  was  occasionally 
noted  as  far  north  as  Kotzebue  Sound. 

ANSER  ALBIFRONS  6AMBELI 

White- fronted  Goose 

At  the  mouth  of  the  Yukon  five  downy  young  were  collected  to 
gether  with  the  male  parent  on  June  21.  At  Cape  Serdze,  Siberia 
several  flocks  of  White-fronted  Geese  were  seen  flying,  but  as  non< 
were  taken  I  do  not  know  whether  they  were  the  American  forn 
or  albifrons,    (No  Snow  Geese  were  seen  anywhere  during  the  trip.' 

BRANTA  CANADENSIS  (Subsp?) 

Once  or  twice  flocks  of  12  to  20  small  geese  were  seen  which  be 
longed  to  this  group,  but  as  none  were  taken  their  subspecific  identity 
was  not  established. 

BRANTA  NIGRICANS 

Black  Brant 

On  August  15,  while  standing  on  deck,  a  flock  of  21  Black  Bran 
flew  over  the  ship  at  very  close  range.  They  were  flying  slowly  an( 
it  would  not  have  been  difficult,  had  I  had  a  gun  at  the  time,  to  hav< 
dropped  one  or  more  of  the  birds  on  the  deck.  We  were,  at  tha 
time,  anchored  off  Wainwright  Inlet. 

PHILACTE  CANA6ICA 

Emperor  Goose 

I  had  confidently  expected  to  find  this  species  nesting  plentifully 
about  the  mouth  of  the  Yukon  River,  but  was  disappointed.    Single 
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birds  were  seen  now  and  then,  but  the  total  number  so  obsenrcd 
would  not  aggregate  a  dozen  individuals.  Xo  nests  were  found. 
The  natives'  habit  of  driving  these  birds  into  nets  during  the  season 
when  they  have  moulted  their  flight  feathers,  as  described  by  Mr. 
Xelson  TRept.  on  Xat.  Hist.  Coll.  made  in  .Alaska,  p.  91).  probably 
accounts  for  their  present  scarcity-  in  the  locality. 

I  was  repeatedly  told  that  Emperor  Geese  occur  in  large  ntunbers 
cm  the  south  side  of  St.  Lawrence  Island  during  the  period  when 
engaged  in  the  post-nuptial  moult,  and  I  believe  that  the  center  of 
their  atmndance  to-day  is  on  this  island. 

[I  was  several  times  told  of  swans  being  heard  or  seen  at  the 
Vukon  mouth,  but  I  did  not  myself  see  the  birds.] 

GRUS  CAHADEHSIS 

Little  Brown  Crane 

Cranes  were  seen  rather  frequently  both  at  St.  Michael  and  at  the 
Vukon.  At  the  latter  place  they  fed  on  the  broad  mud  flats  that  were^ 
&xfx>sed  by  the  falling  tide.  As  there  was  no  concealment  in  such 
places  they  were  safe  from  the  approach  of  the  hunter  or  collector, 
md  I  never  was  able  to  get  nearer  than  a  quarter  of  a  mile  without 
tiaving  them  take  wing. 

PHALASPPUS  FULICARIUS 
Red  Phalarope 

This  species  appears  to  be  a  more  northern  bird  than  lobatus.  I  did 
lot  find  it  at  St.  Michael  or  southward  during  the  nesting  season, 
5Ut  north  of  the  Seward  Peninsula  it  occurs  commonly.  On  the 
Siberian  side  it  is  abundant  and  apparently  nests  farther  south  than 
>n  the  Alaskan  shore. 

A  nimfiber  of  specimens  collected  at  Cape  Serdze  on  August  28 
A'crt  all  in  winter  plumage.  Some  were  young  birds,  but  only  one, 
>f  several  adults,  had  any  chestnut  feathers  of  the  nuptial  plumage 
-emaining  and  these  were  scattered  through  the  plumage  of  the 
jreast  and  belly. 

LOBIPES  LOBATUS 
Northern  Phalarope 

On  the  barren  Arctic  tundra,  level  and  monotonous,  this  richly 
rolored  little  bird  finds  a  congenial  summer  home,  where,  lightly 
;wimming  about  the  edges  of  the  many  marshy  pools,  its  dainty, 
graceful  motions,  and  gentle  notes  add  a  touch  of  life  and  beauty  to 
he  otherwise  dreary  northern  wastes. 
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About  St.  Michael  and  the  Yukon  Delta  they  were  very  commoi 
and  at  both  places  eggs  were  found.  I  did  not  observe  them  nort 
of  Cape  Lisbume — from  this  locality  to  Point  Barrow  the  Re 
Phalarope  being  the  only  species  met  with.  On  August  7  I  found 
large  flock  at  Point  Hope.  All  were  well  advanced  in  the  autumn: 
moult,  only  a  few  stray  feathers  of  the  nuptial  plumage  remaining 

6ALLINAG0  DELICATA 

Wilson's  Snipe 

Not  common.  A  few  spend  the  summer  at  the  Yukon  Delta.  O 
Jime  17,  as  I  was  tramping  along  the  edge  of  a  marshy  spot,  a  sma 
brown  bird  fluttered  from  four  eggs  in  a  slight  depression  and  slippe 
away  through  the  grass.  I  had  but  a  glimpse  of  her  as  she  disaj 
peared,  which  resulted  in  my  making  a  mental  note  of  her  as 
probable  Dowitcher.  Without  touching  the  eggs  I  withdrew,  an 
again  passing  that  way  some  hours  later  the  bird  was  flushed  undc 
more  favorable  conditions  and  was  seen  to  be  a  Wilson's  Snip 
After  photographing  the  nest  I  was  chagrined  to  find  that  the  egg 
were  on  the  point  of  hatching. 

A  few  days  later  another  bird  was  flushed  from  the  border  of 
willow  patch  that  from  its  actions  had  either  a  nest  or  young  close  b] 

MACRORHAMPHUS  GRISEUS  SCOLOPACEUS 

Long-billed  Dowitcher 

While  the  Dowitcher  is  not  common  in  the  same  sense  that  th 
Western  Sandpiper  is,  an  hour's  walk  in  the  vicinity  of  St.  Michai 
or  the  Yukon  Delta  would  hardly  ever  fail  to  disclose  the  presenc 
of  two  or  three  pairs  of  the  birds.  Seldom  do  we  find  more  than  tw 
birds  together,  but  as  a  pair  were  found  in  almost  every  half  mile  c 
so  travelled  the  total  number  of  birds  must  be  large. 

Eggs  were  taken  near  St.  Michael  on  June  9,  at  which  time  inct 
bation  was  about  one-half  advanced,  and  downy  young  were  collecte 
June  20  at  the  mouth  of  the  Yukon  River. 

ARQUATELLA  MARITIMA  COUESI 

Aleutian  Sandpiper 

ARQUATELLA  IfARITIMA  PTILOCNEMIS 

Pribilof  Sandpiper 

About  the  middle  of  July  a  species  of  Arquatella  appeared  abot 
St.  Michael,  frequenting  the  rocky  shores  about  the  bay.    No  spec: 
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mens  were  secured,  but  I  have  no  doubt  that  they  were  Aleutian 
Sandpipers. 

About  ten  o'clock,  on  the  night  of  July  24,  we  landed  at  a  reindeer 
camp  on  the  north  side  of  St.  Lawrence  Island  to  secure  a  supply 
of  fresh  meat.  The  sun  had  set  and  the  soft  twilight,  which  takes' 
the  place  of  night  during  the  short  Arctic  summer,  was  settling  over 
the  earth.  As  I  strolled  along  the  beach,  gun.  in  hand,  the  faint 
whistling  of  shore  birds  was  heard.  Surmounting  a  small  ridge,  I 
found  a  long  irregular  shaped  lagoon  with  stony  shore,  from  which 
again  came  the  same  call  notes.  As  I  made  my  way  along  the  shore, 
stumbling  now  and  then  over  some  half-hidden  rock,  a  small  flock  of 
birds  would  fly  out  over  the  water,  circle,  and  return  to  the  land. 
With  the  water  of  the  lagoon  as  a  background  they  were  plainly 
visible,  but  upon  alighting  on  the  shore,  were  at  once  swallowed  up 
in  the  deep  gloom.  If  shot  while  flying  they  would  have  fallen  into 
the  water  and  have  been  lost,  but  by  some  half  dozen  shots  into  the 
darkness,  in  the  direction  in  which  they  appeared  to  alight,  I  suc- 
ceeded in  obtaining  four  specimens.  They  proved  to  be  Pribilof 
Sandpipers,  the  only  ones  met  with  during  the  trip. 

PISOBIA  MACULATA 

Pectoral  Sandpiper 

This  species  was  met  with  only  at  St.  Michael  and  at  the  mouth  of 
the  Yukon,  and  at  neither  place  did  I  find  it  common.  Eggs  were 
taken  and  specimens  of  the  downy  young. 

PELIDNA  ALPINA  SAKHALINA 

Red-backed  Sandpiper 

At  no  time  during  the  breeding  season  was  this  species  met  with 
south  of  Bering  Strait.  A  few  were  seen  August  7  at  Point  Hope, 
and  I  was  given  two  eggs  that  were  taken  there  during  June.  They 
were  very  plentiful  near  Cape  Lisburne  and  also  on  the  Siberian 
coast. 

EREUNETES  PUSILLUS 

Semipalmated  Sandpiper 

The  only  specimens  of  this  bird  that  I  saw  were  two  shot  on  July  28, 
at  Imaruk  Basin. 

EREUNETES  MAURI 

Western  Sandpiper 

With  the  possible  exception  of  the  Alaska  Longspur  this  is  the 
most  abundant  bird  on  the  stretch  of  tundra  that  borders  the  Bering 
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Sea  coast  from  Norton  Sound  to  the  Yukon  mouth.  Their  grea 
abundance,  lack  of  fear  and  gentle  manner  combine  to  make  them  on< 
of  the  most  charming  birds  in  all  that  bleak  and  inhospitable  region 
As  one  walks  over  the  tundra  the  birds  are  found  scattered  abou 
everywhere  and  they  run  on  ahead,  if  disturbed,  with  a  dainty  grace 
fulness  of  carriage  that  is  most  pleasing. 

At  the  army  post  at  St.  Michael  I  have  seen  them  running  about  oi 
the  boardwalks,  and  especially  do  I  remember  one  bird  that  cam< 
aboard  ship  during  a  heavy  rain  while  we  were  well  out  of  sight  o 
land.  He  spent  the  afternoon  running  about  the  deck,  wading  in  th< 
little  pools  of  water  that  settled  near  the  scuppers  and  trying  to  prob< 
the  spaces  between  the  deck  planks. 

Wherever  found  the  species  breeds  and  many  nests  were  examined 
A  small  series  of  eggs  was  collected  and  several  downy  young  o 
various  ages  were  obtained.  Young  just  from  the  shell  were  note( 
as  early  as  June  lo. 

LIMOSA  LAPPONICA  BAUERI 

Pacific  Godwit 

As  a  person  walks  about  over  the  tundra  these  birds  are  rathe: 
frequently  seen.  They  are  not  exactly  abundant,  but  are  pretty  evenb 
distributed  and  the  total  number  of  individuals  must  be  large.  The] 
were  most  abundant  at  the  mouth  of  the  Yukon  and  none  were  seei 
north  of  Nome.  A  fair  series  was  obtained  including  the  young  ii 
down. 

HETERACTITIS  INCANUS 

Wandering  Tatler 

Although  constantly  on  the  watch  for  the  Wandering  Tatler,  th< 
species  was  encountered  but  once.  On  May  i8  a  Tatler  came  aboan 
the  Bear  and  for  several  minutes  rested  on  the  deck.  We  were  a 
the  time  in  the  North  Pacific,  one  day  out  from  EHxon's  Entrance 

NUMENIUS  HUDSONICUS 

Hudsonian  'Curlew 

The  day  that  the  Wandering  Tatler  came  aboard,  two  of  thes< 
Curlews  circled  about  the  ship  several  times  and  apparently  wishec 
to  alight  and  rest.  They  finally  flew  away  to  the  westward.  A  fev 
were  noted  at  the  Yukon  mouth  but  were  never  plentiful. 

The  Bristle-thighed  Curlew  was  not  met  with. 
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8QUATAR0LA  SQUATA80LA 

Bladc-bellied  Plover 

Observed  only  at  St.  Michael  and  the  Yukon  and  not  common  at 
Aher  place.   Tho'  doubtless  breed  there,  but  I  did  not  find  their  nest. 

CHASADRIUS  DOMIHICnS  FULYUS 

Pacific  Golden  Plover 

A  single  bird  taken  at  Point  Hope  on  August  7  is  referred  to  this 
Form.    No  others  were  seen. 

AJREHARIA  IHTERFRES  MORINELLA 

Ruddy  Turnstone 

South  from  Norton  Sound  to  the  delta  of  the  Yukon  these  birds 
¥ere  met  with  in  small  numbers.  At  the  latter  locality  a  specimen 
vas  obtained  in  natal  down.  Two  adults,  the  only  specimens  secured, 
vere  submitted  to  Dr.  Bishop  for  identification  and  proved  to  be  of 
his  form. 

At  Point  Hope  quite  a  number  were  found  feeding  about  the  native 
louses.  Considerable  care  was  required  to  shoot  specimens  without 
endangering  the  lives  of  the  people.    After  much  trouble  I  managed 

0  shoot  five  or  six  of  them,  only  to  have  some  half-fed  native  dog 
ippear  at  the  sound  of  each  shot  and  instantly  swallow  the  birds 
)ef ore  I  could  reach  the  spot  and  prevent  the  animal  from  doing  so. 

Had  I  secured  any  of  these  it  is  not  improbable  that  they  would 
lave  proved  to  be  interpres. 

ASEKARIA  MELANOCEPHALA 

Black  Turnstone 

Noted  both  at  St.  Michael  and  the  Yukon  mouth.  Only  at  one  or 
wo  points  where  rocky  beaches  occur  about  St.  Michael  Bay  were 
hev  at  all  numerous. 

% 

LAGOPUS  LAGOPUS  LAGOPUS 

Willow  Ptarmigan 

Very  conunon  wherever  stops  were  made  until  Cape  Espenberg 
vas  reached.  North  of  this  point  none  were  seen.  Many  nests  were 
found  and  a  series  of  photographs  secured  of  incubating  birds  on 
heir  nests.     The  first  broods  of  young  were  seen  June  20,  and  July 

1  some  barely  able  to  fly  were  found.  During  this  time  the  males 
:olIected  were  in  very  ragged  plumage  with  large  patches  of  pin 
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feathers  about  the  neck  and  upper  breast  aind  much  difficulty  was 
experienced  in  making  good  skins.  Up  to  September  8,  when  I  sailed 
for  Seattle,  no  birds  were  seen  with  white  appearing  in  their  plumage 

LA60PUS  RITPESTRIS  RUPESTRIS 

Rock  Ptarmigan 

First  seen  at  Cape  Lisburne  where  a  specimen  was  taken.  Earl> 
in  September  the  natives  about  Nome  occasionally  brought  a  few 
Rock  Ptarmigan  into  town,  with  larger  bags  of  Willow,  and  offered 
them  for  sale.  All  those  seen  at  this  time  showed  considerable  white 
among  the  feathers  of  the  back  and  head. 

LAGOPUS  RUPESTRIS  NELSONI 

Nelson's  Ptarmigan 

Two  specimens,  both  males,  were  secured  at  Unalaska. 

ARCHIBUTEO  LAGOPUS  SANCTI-JOHANNIjS 

Rough-legged  Hawk 

At  Unalaska  a  pair  were  found  nesting  on  the  face  of  a  cliff.  One 
of  the  parents  was  secured.  It  was  a  dark  colored  bird  and  does  nol 
appear  to  differ  greatly  from  specimens  from  various  parts  of  the 
United  States. 

HALLSETUS  LEUCOCEPHALUS  ALASCANUS 

Northern  Bald  Eagle 

Eagles  are  abundant  at  Unalaska  and  even  more  so  at  Ketchikan. 
At  the  latter  place  ten  were  counted  in  sight  at  one  time  and  about 
an  hour  later  six  were  seen  perched  in  one  tree.  They  were  exceed- 
ingly tame  and  allowed  me  to  walk  under  them  as  they  sat  about  in 
the  tree  tops. 

FALCO  RUSTICOLUS  RUSTICOLUS 

Gray  Gyrfalcon 

About  Deering  are  several  high  cliffs  and  here  were  seen  fiv< 
Gyrfalcons.  Two  birds,  an  adult  and  young,  sitting  together  on  i 
rocky  projection,  were  shot.  The  adult  was  secured,  but  the  young 
bird  remained  on  the  ledge  and  was  inaccessible. 

I  was  told  that  these  hawks  were  quite  plentiful  in  late  fall  anc 
early  winter,  and  were  known  to  the  residents  as  Ptarmigan  Hawks 
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FALCO  PESE6RINUS  AHATUM 

Duck  Flawk 

One  or  two  were  seen  about  the  Aleutians  (Dutch  Harbor  and 
Akutan  Pass)  on  September  12,  and  a  pair  were  shot  at  Chamisso 
Island,  August  i.  The  Aleutian  birds  may  have  been  pealei,  but  they 
did  not  appear  to  be  different  from  the  pair  taken.  They  were 
probably  migrants  from  some  part  of  the  mainland. 

SCOTIAPTEX  NEBULOSA  (Sntep?) 

June  24,  while  pushing  my  way  through  a  willow  thicket,  a  Great 
Gray  Owl  was  flushed.  The  density  of  the  thicket  prevented  the 
use  of  the  gun.  Two  days  later  the  same  bird  was  again  seen,  this 
time  on  a  little  mound  in  a  patch  of  very  wet  tundra.  A  mob  of  Red- 
polls, Longspurs  and  Arctic  Terns  were  darting  about  his  head  and 
he  soon  took  wing.  As  Mr.  L.  M.  Turner  took  a  specimen  of  lap- 
ponica  in  this  locality  (the  mouth  of  the  Yukon),  there  is  a  possibility 
of  the  bird  seen  by  me  being  also  this  subspecies.  When  seen  on 
June  26,  the  bird  was  watched  for  a  few  minutes  through  a  glass, 
but  nothing  diagnostic  was  observed  about  its  plumage. 

[A  day  or  two  before  leaving  Nome  a  Hawk  Owl  was  reported  as 
having  been  seen  back  of  the  town.] 

SELASPHORUS  RUFUS 

Rufous  Hummingbird 

A  single  male  was  taken  at  Ketchikan,  May  16. 

CORVUS  CORAX  PRINCIPALIS 

Northern  Raven 

At  Ketchikan  and  Unalaska  these  birds  are  very  abundant  and 
exceedingly  tame.  Still  they  were  not  easy  birds  to  collect  and  I  got 
but  two  or  three.  They  seemed  to  be  able,  without  apparent  effort,  to 
keep  just  beyond  gun  range  and  could  carr>'  off  a  surprising  amount 
of  shot. 

North  of  the  Aleutian  Islands  they  are  not  common.  Two  or  three 
were  seen  at  Cape  Serdze  where  they  were  very  shy. 

PINICOLA  ENUCLEATOR  (Subsp?) 

While  we  were  at  Unalaska,  May  24,  I  was  told  a  small  flock  of 
"  Robins  ''  had  been  seen  in  the  village.  From  the  descriptions  given 
they  were  apparently  Pine  Grosbeaks.    The  next  day  I  had  two  of 
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the  birds  pointed  out  to  me  and,  as  I  had  surmised,  they  were  Pinicola. 
They  were  perched  on  the  roof  of  one  of  the  houses,  where  they 
remained  but  a  few  seconds  before  taking  flight. 

While  at  Golovin  Bay,  July  13,  another  bird  was  seen  in  a  tangle 
of  dwarf  willows.  After  a  half  hour  spent  in  fruitless  attempts  to 
get  close  to  it,  I  finally  shot  it  at  long  range.  It  fluttered  into  another 
thicket  and  was  lost. 

•  These  birds  may  have  been  alascensis  or  Hammula  or  perhaps  both 
forms  were  represented. 

LEUCOSTICTE  GRISEONUCHA 

Aleutian  Rosy  Finch 

This  beautiful  finch  was  found  to  be  common  about  the  patches  oi 
snow  on  the  mountain-tops  at  Unalaska,  and  Amaknak  Islands.  A 
number  were  taken. 

ACANTHIS  HORNEHAlfNI  EXILIPES 

Hoary  Redpoll 

This  species  was  very  abundant  about  St.  Michael  and  the  Yukon 
greatly  exceeding  in  numbers  the  common  Redpoll.  Several  nestj 
were  found.  Newly  hatched  young  were  noted  as  early  as  June  17 
while  perfectly  fresh  eggs  were  taken  as  late  as  June  19.  None  wen 
met  with  north  of  Kotzebue  Sound. 

ACANTHIS  LINARIA  LINARIA 

Redpoll 
In  nearly  every  flock  of  exUipes  one  or  two  birds  of  this  specie 
were  seen.    Their  crimson  breasts — much  brighter  than  in  any  win 
ter  birds  I  have  ever  seen — distinguish  them  from  the  Hoary  Redpol 
at  a  long  distance. 

PLECTROPHENAX  NIVALIS  NIVALIS 

.  Snow  Bunting 

On  the  Alaskan  side  this  species  was  seen  only  at  Point  Hope  an< 
Point  Franklin.  At  the  former  locality  only  two  birds  were  observec 
but  at  Point  Franklin  they  were  rather  common.  On  the  Siberia; 
side  they  were  more  abundant  and  several  were  taken  including  th 
young. 

In  Juvenal  plumage  they  bear  considerable  resemblance  in  size  an 
general  color  to  a  Junco.  At  this  date,  August  28,  all  the  adults  ha 
about  completed  the  post-nuptial  moult. 
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PLECTROPHENAX  NIYALIS  TOWNSEITDI 

Pribilof  Snow  Bunting 

At  Unalaska  several  Snow  Buntings  were  collected.  All  were  in 
breeding  plumage  and  were  (presumably)  breeding  there  at  the  time. 
Most  of  them  are  mofe  or  less  intermediate  between  this  form  and 
nivalis. 

It  appears  to  me  that  the  bill  of  townsendi  is  blacker  than  in  the 
common  Snow  Bunting.  I  have  seen  specimens  of  nwalis  from 
Labrador,  in  full  nuptial  plumage,  which  still  retain  a  trace  of  yel- 
lowish at  the  base  of  the  lower  mandible,  but  all  skins  of  townsendi 
that  I  have  examined  show  the  entire  bill  solid  black. 

CALCARIUS  LAPPONICUS  ALASCENSIS 

Alaska  Longspur 

This  hardy  bit  of  Arctic  bird  life  is  one  of  the  first  species  whose 
acquaintance  one  makes  in  northern  Alaska.  Wherever  one  goes 
dozens  of  them  will  be  seen  walking  about  over  the  tundra  or  stand- 
ing on  little  raised  mounds  of  moss  or  grassy  tussocks.  They  are 
very  attractive  in  their  nuptial  plumage  and  their  song,  usually  given 
on  the  wing  and  frequently  by  three  or  four  birds  at  the  same  time, 
is  a  joyous  melody  that  wins  them  a  place  in  the  hearts  of  all  who 
hear  it.  About  St.  Michael  they  are  called  larks  or,  occasionally,  sky- 
larks. 

They  breed  early,  as  young  just  able  to  fly  were  seen  June  21,  and 
several  broods  were  seen  on  the  wing  a  few  days  later. 

PASSERCULUS  SANDWICHENSIS  SANDWICHENSIS 

Aleutian  Savannah  Sparrow 

These  birds  were  common  at  Ketchikan,  May  16,  where  specimens 
were  taken.  During  our  brief  stop  at  Unalaska  they  were  also  very 
abundant. 

PASSERCULUS  SANDWICHENSIS  ALAUDINUS 

Western  Savannah  Sparrow 

Common  at  the  Yukon  and  about  St.  Michael  where  it  breeds. 

ZONOTRICHIA  LEUCOPHRYS  GAMBELI 

Gambel's  Sparrow 

A  common  bird  about  St.  Michael  where  they  are  frequently  heard 
singing  from  the  roof  of  some  building. 
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ZONOTRICHIA  CORONATA 

Golden-crowned  Sparrow 

In  the  clumps  of  willows  and  alders  about  Golovin  Bay  a  sing] 
specimen  of  this  sparrow  was  obtained  on  July  13. 

SPIZELLA  MONTICOLA  OCHRACEA 

Western  Tree  Sparrow 

Wherever  patches  of  willow  bushes  occur  on  the  tundra  or  hil 
sides  about  St.  Michael  and  the  Yukon  Delta  the  sweet  notes  of  thi 
species  may  be  heard.  They  are  rather  shy  and  slip  away  through  th 
shrubbery  at  the  approach  of  a  stranger,  but  if  the  observer  sit 
quietly  down  and  partially  conceals  himself,  the  singer  will  soo 
return  to  its  perch  on  the  topmost  twig  of  a  nearby  bush  and  resum 
its  simple  song. 

Where  song  birds  are  in  the  minority,  and  the  air  is  filled  with  th 
harsh  cries  of  gulls  and  terns,  the  quacking  of  ducks,  and  the  weir 
call  notes  of  loons,  even  the  simplest  of  melodies  is  appreciatec 
While  the  vocal  efforts  of  the  Tree  Sparrow  probably  would  attrac 
but  scant  notice  in  a  locality  frequented  by  more  brilliant  songster? 
they  would  be  sadly  missed  were  the  species  to  forsake  its  accus 
tomed  hatmts  in  these  cheerless  regions. 

MELOSPIZA  MELODIA  SANAKA 

Aleutian  Song  Sparrow 

This  bird  was  seen  at  Unalaska  but  was  not  common.  It  wa 
most  often  seen  about  the  dock  where  it  hopped  about  like  a  catbin 
or  thrasher,  which  it  strongly  reminded  me  of.  Its  song  was  lik 
our  eastern  bird,  but  in  other  respects  it  seemed  to  me  to  resembl 
it  but  little. 

PASSERELLA  ILIACA  ILIACA 

Fox  Sparrow 

The  Fox  Sparrow  is  rather  common  as  far  north  as  Golovin  Ba> 
They  are  very  shy  when  on  their  breeding  grounds — ^much  more  s< 
than  during  their  migrations.  At  the  mouth  of  the  Yukon  I  have  seei 
them,  at  times,  come  close  up  to  the  house  and  feed  beneath  ou 
windows,  but  only  when  everyone  was  in  the  house.  At  such  time 
the  sound  of  a  movement  within  doors  or  an  attempt  to  watch  th( 
bird  from  the  window  always  resulted  in  a  hasty  retreat  to  the  neares 
thicket. 
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HISUHDO  ESTTH806A8TSA 

Bam  Swallow 

In  the  vicinity  of  St.  Michael  Bam  Swallows  are  rather  common, 
and  were  suitable  nesting  places  more  numerous  I  have  httle  doubt 
they  would  increase.  Several  birds  were  building  in  an  empty  house 
near  St.  Michael  while  I  was  there,  and  a  finished  nest,  without  eggs, 
was  found  June  lo.  It  was  built  in  a  deserted  and  more  or  less  de- 
bpidated  Eskimo  sod  house. 

m 

nUDOPSOCHE  BICOLOR 

Tree  Swallow 

Common  about  St.  Michael.  A  pair  built  a  nest  and  raised  a  brood 
in  the  space  between  the  inner  and  outer  walls  of  the  wireless  station 
at  the  Yukon  Delta.  A  hole  had  been  cut  in  the  wall  for  the  exhaust 
pipe  of  the  engine  and  the  nest  was  directly  below  this  pipe.  While 
the  engine  was  running  this  pipe  became  ver\'  hot  and  at  such  times 
the  nest  must  have  been  ver>'  uncomfortable. 

WILSONIA  PUSILLA  PILEOLATA* 

Pileolated  Warbler 

A  number  of  birds  were  seen  and  one  secured  at  Golovin  Bay, 
July  13. 

MOTACILLA  OCULARIS 

Swinhoe's  Wagtail 

Although  this  bird  has  been  considered  merely  a  straggler  to 
Alaska,  there  are  reasons  for  believing  that  the  species  is  slowly 
extending  its  range  and  becoming  established  on  our  coast.  During 
the  northern  cruise  a  number  of  individuals  were  seen  between 
Kotzebue  Sound  and  Cape  Lisbume. 

At  Chamisso  Island,  on  August  i,  a  pair  of  birds  were  carrying 
food  into  a  crevice  in  the  rocks  at  an  inaccessible  point  on  the  cliff. 
One  or  two  were  also  seen  at  other  points,  and  at  Cape  Lisbume  I 
succeeded  in  shooting  a  bird  which,  unfortunately,  fell  on  the  farther 
side  of  a  creek  where  it  could  not  be  found. 

My  failure  to  secure  specimens  was  due  to  the  excessively  restless 
habits  of  the  birds.  When  on  the  ground  they  were  largely  concealed 
by  intervening  clumps  of  moss  and  the  general  character  of  the  tundra, 
while  they  were  liable  to  take  wing  at  a  moment *s  notice  and  usually 
flew  long  distances.    Their  flight  was  so  erratic  that  it  was  exceed- 
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ingly  difficult  to  shoot  them  on  the  wing  and,  as  I  repeatedly  found 
from  experience  with  the  Yellow  Wagtail,  a  small  bird  which  fell 
on  the  tundra  could  scarcely  ever  be  found,  no  matter  how  carefully 
the^spot  was  marked. 

On  the  Siberian  side  this  species  was  not  uncommon,  both  at  St. 
Lawrence  Bay  and  Cape  Serdze. 

BUDYTES  FLAVUS  ALASCENSIS 

Alaska  Yellow  Wagtail 

A  common  bird  from  the  Yukon  Delta  to  Nome  and  probably  as 
far  as  Kotzebue  Sound,  although,  except  at  Cape  Espenberg,  I  did 
not  meet  with  it  north  of  Bering  Strait.  This  was  on  account  of 
my  attention  being  given  to  other  species  and  very  little  time  spent 
in  localities  suitable  to  this  bird. 

A  small  series  was  obtained  at  the  mouth  of  the  Yukon,  all  being 
in  adult  nuptial  plumage.  No  young  were  seen  up  to  July  2,  from 
which  I  infer  that  they  nest  later  than  most  of  the  small  land  birds 
do  in  this  region. 

ANTHUS  RU6ESCENS 

Pipit 

Seen  only  at  Unalaska  where  it  was  very  common. 

HYLOCICHLA  ALICIJE  ALICIJE 

Gray-cheeked  Thrush 

About  the  mouth  of  the  Yukon,  in  June,  the  song  of  this  species 
may  be  heard  from  practically  every  extensive  patch  of  dwarf  wil- 
lows and  alders.  If  it  were  not  for  its  song  the  Gray-cheeked  Thrush 
would  long  remain  undiscovered  in  these  dense  thickets,  for  they 
are  among  the  shyest  of  birds.  No  amount  of  "  squeaking  "  ever 
succeeded  in  bringing  one  of  them  into  view,  although  from  their 
calls  I  often  knew  that  two  or  three  birds  were  moving  about  within 
a  dozen  yards  of  me.  Only  by  sitting  motionless  for  a  considerable 
period  did  I  ever  get  a  glimpse  of  them. 

The  swarms  of  mosquitos  that  infest  these  localities,  at  this  sea- 
son, render  it  difficult  to  sit  motionless  for  more  than  a  few  minutes 
at  a  time,  but  the  slightest  movement  of  any  kind  is  sufficient  to  send 
this  shy  thrush  into  the  shelter  of  the  heaviest  part  of  the  thicket, 
from  which  nothing  could  induce  it  to  return. 
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THE  ORDAZ  AND  DORTAL  EXPEDITIONS  IN  SEARCH 
OF  EL-DORADO;  AS  DESCRIBED  ON  SIXTEENTH 

CENTURY  MAPS 

By  RUDOLF    SCHULLER 

(With  Two  Maps) 

I.    OVIEDO'S  HUYAPARI  MAP 

In  the  second  volume  of  Oviedo's  "  Historia  General  y  Natural 
de  las  Indias,"  *  there  is  a  facsimile  of  a  small  map  illustrating  several 
early  explorations  of  the  Orinoco  or  Huyapari'  River  (see  fig.  i). 

This  map  is  Oviedo's  own  work,'  and  is  plainly  drawn  but  bears  no 
date.  It  contains,  however,  various  historical  and  descriptive  legends, 
which  enable  us  to  establish  the  year  when  it  must  have  been  made. 


*  Madrid :     Imprenta  de  la  Real  Academia  de  la  Historia.     1852. 

'  No  doubt  the  names  Orinoco  and  Huyapari,  or  Juyapari  and  Oya-pari, 
are  of  Indian  origin;  cf.  Oviedo,  II,  lib.  XXIV,  cap.  Ill,  p.  216*.  Orin-oco 
plainly  contains  the  Betoya  word  "oco  "  ("  water,"  "  river  ")•  Humboldt  says 
it  is  a  Tamanaco  word;  cf.,  for  example,  Oyap-oc(o),  Sinar-uco  (oco),  Guar- 
ico,  Orit-uco,  Tin-oco,  Guarit-oco,  Urit-uco,  and  many  other  similar  names 
of  rivers  in  the  great  Orinoco  basin. 

•  Log.  cit.,  cap.  XV,  p.  265*,  "  Porque  Ja  pintura  califica  mucho  y  dexa 
mejor  entender  las  cosas  de  la  geographia,  juntamente  con  la  verdadera  rela<;ion 
dellas,  quise  poner  aqui  la  fig^ra  del  rio  de  Huyapari,  y  los  rios  que  en  el 
cntran."  "Because  a  drawing  enables  us  to  understand  more  clearly  the 
geography  of  a  region  I  have  here  inserted  a  map." 

This  was  written  at  the  close  of  the  year  1541,  or,  perhaps,  in  1542;  cf. 
loc.  cit.,  cap.  XVI;  and  cap.  XV,  where  Oviedo  states  explicitly:  "The 
governor  Dortal  himself  told  me  .... "  [and  a  few  lines  below]  "  where  six 
years  ago  this  governor  had  ordered  his  lieutenant,  Alonso  de  Herrera,  with 
200  men  ....  to  sail  up  the  river  Huyapari." 

Sec  also,  "  Historia  coro-graphica,  natural  y  evangelica  de  la  Nueva  Anda- 
lucia,  provincias  de  Cumani,  Guayana  y  Vertientes  del  Rio  Orinoco ;  dedicada 
al  Rci  N.  S.  D.  Carlos  III."  Por  el  M.  R.  P.  fr.  Antonio  Caulin  dos  vezes 
Provincial  dc  los  observantes  de  Granada,  etc.,  Madrid,  1779,  p.  150**. 

SMrrHSONiAN  Miscellaneous  Collections,  Vol.  66,  No.  4 


SMITHSONIAN    JIISCEXXANEOUS  COLLECTIOKS  VOL.  66 


NO.  4         THE  ORDAz  and  DORTAL  EXPEDITIONS — SCHULLER 

Two  of  these  inscriptions  refer  to  the  exploring  expedition  of  th- 
famous  conqueror  Diego  de  Ordaz*  which  set  out  from  Paria  oi 
June  23,  1532.  With  280  men,  18  horses,  and  one  mule  he  arrive< 
at  the  Indian  village  of  Huyapari/ 

The  first  legend,  on  the  right  of  the  Indian  village  depicted  on  th' 
map,  runs  thus :  "  El  pueblo  grande  de  huyapari  E  a  dos  leguas  : 
tierra  adentro  q(ue)  do  En  seco  la  canoa  gra(n)de  de  ordas  "  ("  Th 
large  village  of  Huyapari  is  situated  two  leagues  inland  from  th« 
Orinoco  River  " — to  which  Oviedo  added  mention  of  the  accident  t 
Ordaz's  large  canoe  after  his  return  from  the  expedition  in  searcl 
of  the  Meta-El  Dorado' — "  Ordaz's  large  canoe  remained  [here]  01 
dry  [land]  ")• 

The  second  legend,  above  the  mountains  in  the  upper  right-han< 
part  of  the  map,  reads :  "  Esta  sierra  no  la  pudo  pasar  ordas  por  E 
foE  yndisposicion  del  agua  E  se  torno  por  El  mismo  rio  abajo  a  h 
mar  desde  aquesta  montana."  ("  Ordaz  could  not  pass  this  chain  o 
mountains*  [by  the  river,  on  account  of]  the  bad  condition  of  tb 
water '  and  from  this  mountain  he  returned  down  the  same  river  t< 
the  sea.") 

And,  to  the  west  of  the  mountains  on  the  map,  we  read :  "  A  Est; 
parte  o  del  otro  cabo  desta  pena  no  an  pasado  xpianos  "  ("  To  thi 
side,  or  the  other  end  of  this  rock.  Christians  had  not  [yet]  come  ") . 

These  two  inscriptions  unquestionably  refer  to  the  disastrou 
expedition  up  the  River  Orinoco  to  the  "  rapids,"  near  the  moutl 
of  the  Meta,  undertaken  by  Ordaz  in  the  second  half  of  the  yea 
1532,  and  this  evidently  led  Harrisse'  to  believe  that  the  map  wa 


*  Native  of  Castro  Verde  in  the  Kingdom  of  Leon.  Herrera :  Histori; 
General,  etc.,  Madrid,  160 1,  Dec.  IV,  libro  X,  cap.  IX,  p.  275.  We  see  hin 
as  early  as  15 15  in  Cuba;  cf.  "  Probanza  hecha  a  peticion  del  almirante  E 
Diego  Colon,"  etc.  Villa  de  San  Salvador,  Febrero  16,  1515;  in  **  Colecc 
Docs.  In^ditos  "  ["  De  los  Pleitos  de  Colon,"  II],  2d  serie,  T.  num.  8.  Madrid 
1894*  pp.  61-87. 

Herrera:  Dec.  II,  libro  VI,  cap.  XVIII,  ".  .  .  .  i  que  Diego  de  Orda 
reconocio  el  Bolcan  de  Tlascala  [Popocatepetl],  cosa  para  los  Indios  mu 
admirable"  (edit  of  1726)  ("....  and  that  Diego  de  Ordas  explored  th 
Tlascala  volcano,  a  feat  greatly  admired  by  the  Indians"). 

*  Properly  termed  Aruacay,  according  to  Oviedo,  loc.  cit. 

*  Oviedo,  loc.  cit.,  pp.  217-218;  especially  p.  218*. 

^It  means  that  they  could  not  overcome  the  powerful  and  rapid  current 
produced  by  the  narrowing  of  the  river-bed  between  the  mountains. 

'  The  low  level  during  July  and  August. 

• "  Cartographia  Vetustissima,"  No.  200  (sic),  instead  of  202;  in  "  Dis 
covcry  of  North  America,"  etc.,  London,  1892,  pp.  588-589. 
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made  in  that  same  year.     But  it  can  easily  be  shown  that  this  date  is 
irreconcilable  with  all  known  historical  events. 

Above  all,  I  would  observe  that  the  author  of  the  sketch-map  could 
not  have  learned  all  those  details  of  Ordaz's  eventful  exploring 
expedition  before  early  in  the  spring  of  1533,  as  it  was  not  until  that 
time  that  Oviedo  met  at  Santo  Domingo  Geronimo  Dortal,  the  treas- 
urer, and  several  other  members  of  the  Ordaz  expedition,  from  whom, 
according  to  his  own  statement/  he  obtained  information  concerning 
the  vain  attempt  to  reach  the  Meta-El  Dorado.  Therefore,  even  if 
the  map  bore  no  further  indication  as  to  the  time  when  it  was  made 
by  Oviedo,  the  only  acceptable  date,  from  this  fact  alone,  would  be 
the  year  1533/ 

I'ortunately,  however,  there  are  other  legends  on  the  map  relating 
to  several  expeditions  up  the  River  Orinoco  after  the  ill-fated  voyage 
by  Ordaz,  which  prove  that  Oviedo's  map  must  have  been  made  ten 
or  twelve  years  after  the  date  suggested  by  Harrisse,  the  foremost 
authority  on  American  cartography. 

Students  of  early  American  history  cannot  help  wondering  how  it 
was  possible  that  Harrisse  took  no  notice  at  all  of  the  inscriptions 
connected  with  the  expeditions  of  Alonso  de  Herrera  and  Governor* 
Geronimo  Dortal,  the  former  treasurer  of  Ordaz's  enterprise. 

After  the  unsuccessful  attempt  to  discover  the  long  sought  Meta- 
El  r)(jrado  by  sailing  up  the  Orinoco,  Ordaz  was  compelled  to  leave 
the  villac^e  of  Iluyapari  for  Cariaco,  where  he  established  a  small 
fort,'  which  he  named  Sant  Miguel  de  Paria.  Thence  he  went  to 
Cnniana,  a  province  on  the  mainland  opposite  the  pearl  island,  or 
"  Cuba^uia."  where  he  expected  to  meet  Herrera,  his  lieutenant,  with 
the  rest  of  the  expedition.  Finally  Ordaz  and  Dortal  reached  the 
town  of   Xueva  Caliz  in  Cubagua,  where  they   found  Alonso  de 

^  Loc.  cit..  cap.  IV,  p.  224^  "  Despues  vino  a  esta  cibdad  de  S.  Domingo  el 
thesorcro  Hieronimo  Dortal.  del  qual  y  de  otros  que  en  todo  lo  que  es  dicho 
se  hallaron  fui  inforwado  .  .  .  ."  ("Afterwards  came  to  this  city  of  Santo 
Domingo  the  treasurer  Heronimo  Dortal,  by  whom,  and  by  others  who  were 
present  at  all  that  is  said,  I  was  informed  .  .  .  ."). 

'This  assertion  is  corroborated  also  by  the  following  statement:  **.... 
cansados  [companions  of  Ordaz]  de  sus  trabaxos  se  passaron  con  los  otros 
de  Cubagua,  porque  avia  dos  anos  que  pades^an  desde  que  salieron  de 
Espana  .  .  .  ."  ("....  Tired  of  these  troubles,  they  went  with  these  others 
of  Cubagua,  because  tw^o  years  of  suffering  had  passed  since  they  left 
Spain  .  .  .  .").    Loc.  cit. 

Ordaz  set  sail  from  San  Lucar  de  Barrameda  on  October  20,  1531 ;  loc.  dt, 

cap.   II,  p.  212'. 

*Only  after  1533. 

*  Perhaps  on  September  28,  1532. 
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Herrera  imprisoned  by  order  of  Governor  Antonio  Sedefio.  The 
same  fate  met  Dortal,  and  Ordaz,  weak  in  health,  weary  and  power- 
less, sailed  in  May,  1533,  for  Santo  Domingo  and  thence  to  Spain, 
where  he  intended  to  protest  at  court  against  Sedeno's  illegal  inter- 
ference with  the  projected  settlement  on  the  coast  of  Cumana,  which 
Sedeiio  arbitrarily  claimed  was  within  his  jurisdiction.  Ordaz  died 
during  the  voyage  across  the  ocean/ 

Geronimo  Dortal,  after  being  released  from  prison,  addressed  a 
letter  to  the  Emperor,  "  giving  him  an  account  of  his  services  ren- 
dered in  the  government  of  Cubagua  and  asking  him  for  mercy." ' 

Elarly  in  the  summer  of  1533  Dortal  was  in  the  town  of  Santo 
Domingo,  where  he  met  Oviedo ;  and  in  the  following  autumn  he  was 
in  Spain  "  asking  for  the  same  position  formerly  held  by  Ordaz." ' 
That  he  was  most  successful  in  his  "  claim,"  is  proved  by  the  letters 
patent  entered  into  between  him  and  the  Crown,  on  October  25, 
1533.*  By  virtue  of  this  land-grant,  or  **  capitulacion,"  he  was 
appointed  governor  of  Paria.  Early  in  1534  he  organized  the  new 
expedition,  and  on  August  18,  1534,'  set  sail  from  San  Lucar  de 
Barrameda.    In  the  autumn  of  the  same  year  he  was  again  in  Paria. 

Alonso  de  Herrera,  after  his  release  from  prison  by  order  of  the 
royal  Audiencia  of  Santo  Domingo,  was  in  charge  of  the  fort  of  San 
Miguel  of  Paria,  and  immediately  recognized  Dortal  as  governor  and 
superior^  notwithstanding  his  solemn  pledge  of  faith  to  Antonio 
Sedeno.* 

Shortly  after  his  arrival,  Dortal  equipped  a  new  expedition  for 
the  purpose  of  searching  for  the  famous  Meta-El  Dorado,  under  the 


*  Oviedo,  cap.  IV,  p.  224' — Herrera,  Dec.  V,  libro  I,  cap.  XI,  p.  24  (ed.  of 
1728),  ".  .  .  .  and  other  people  said  he  died  in  Castile  .  .  .  ." 

'Dated  from  the  pearl  island  (Cubagua),  January  28,  1533;  in  "Colecc 
Docs.  In^ditos,"  Tomo  XII.    Madrid,  1869,  pp.  46-48. 

A  further  proof  that  Oviedo  could  not  have  learned  before  February,  1533, 
what  happened  to  the  expedition. 

•Oviedo,  loc.  cit. 

*  Archivo  General  de  Indias,  139-1-2,  Tomo  111°,  flF.  59-61  r. 

*  Oviedo,  at  that  time  also  in  Spain,  met  him  again  in  Seville,  cf.  loc  dt., 
cap.  VII,  p.  236*,  **..,.  yba  por  procurador  desta  nuestra  dbdad  de  Sancto 
Domingo  y  desta  Isla  Espanola  .  .  .  ."  ( '*  I  have  been  there  as  procurator 
of  this  our  city  of  Santo  Domingo  and  of  this  island  of  Hispaniola  "). 

'"....  con  quien  qued6  congertado  en  Cubagua,  ....  porque  le  prometic! 
de  la  hazer  alcayde  de  la  fortale^  que  avia  de  hager  en  la  isla  de  la  Trinidad 
...."("....  with  him  he  had  made  arrangements  ....  because  he  prom- 
ised to  appoint  him  alcaide  of  the  fort  which  he  intended  to  establish  on  the 
island  of  Trinidad*').    Oviedo.  loc.  cit..  p.  232'. 
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command  of  the  intrepid  but  unscrupulous  Alonso  de  Herrera.  The 
itinerary  of  Herrera's  ill-fated  voyage  is  described  on  Oviedo's  map 
as  follows : 

"  Este  Es  vn  estero  por  donde  entro  alonso  de  herrera  El  qual 
Entra  En  Elrio  de  Huyapari  E  hazenle  Estos  rios  q(ue)s  dicho." 
("This  is  a  swamp  where  Alonso  de  Herrera  entered  and  which 
empties  into  the  River  Huyapari ;  it  is  formed  by  the  aforesaid 
rivers.")^ 

Further,  in  the  angle  formed  by  the  Huyapari  and  Carranaca 
rivers,  we  read :  "  Rio  de  carranaca  por  El  qual  Entro  alonso  de 
herrera'  E  passo  adelante  E  deste(  !)  Este  rio  hasta  El  estero  de 
Meta  por  El  grande  huyapari  ay  XXX VH  leguas  "  ("  River  Carra- 
naca where  Alonso  de  Herrera  entered  and  went  farther  on  and 
from  this  river  to  the  Meta  swamps,  up  the  great  river  Huyapari,  it  is 
37  leagues'*).' 

Facing  the  mouth  of  the  swamp  there  is  the  following  legend: 
"  Rio  de  nieta  por  donde  Entro  alonso  de  herrera  con  la  armada  de 
geromi  {sic)  no(  !)  dortal  E  le  mata  ron  "  ("River  Meta,  where 
Alonso  de  Herrera  entered  with  the  fleet  of  Geronimo  Dortal ;  and 
they  killed  him")/ 

Finally,  the  last  legend  to  be  considered  in  connection  with  this 
disastrous  exploring  expedition  appears  at  the  left  of  the  Tinoco 
River  on  the  map.  The  legend  reads:  "  Aqui  mataro[n]  a  al®  de 
herrera  °  teniente  del  gou^""  dortal  y  has  ta  aqui  llego  despues  El  dicho 
dortal  y  hallo  yndicios  veros  de  la  muerte  del  dicho  he  rera  E  se  hallo 


'  1  he  affluents  are  as  follows  :  "  R.  de  tinoco,  R.  de  Nirua,  R.  de  pao,  R.  dcla 
portuguesa,  Rio  vininio,  R.  gunaguanari. 

'  The  clcgia  IX.  canto  I,  of  Juan  de  Castellanos*  "  Elegias  de  varones  ilustres 
de  Indias,"  does  not  at  all  refer  to  Herrera's  expedition  in  1535,  as  is 
erroneously  asserted  by  the  untrustworthy  Chilean  writer  Jos^  Toribio 
Medina.  ''  Notas  "  to  **  El  Descubrimiento  del  rio  de  las  Amazonas,"  pp.  273-274. 

'  Oviedo,  II,  cap.  IX,  p.  245',  *  from  the  Gulf  of  Paria  to  the  village  of 
Caburutu.  150  leagues;  from  San  Miguel  de  Neveri,  a  small  town  founded 
by  Dortal  in  1536,  on  the  coast  of  Maracapana,  to  the  said  village,  40  leagues; 
and  from  San  Miguel  to  the  mouth  of  the  river  Huyapari,  120  leagues  of 
sea-coast." 

*Loc.  cit.,  libro  XXIV,  cap.  VII,  p.  240". 

Medina,  1.  c,  settles  the  matter  in  a  very  summary  manner,  saying  flatly: 
**  Verificada  en  1535.  fue  dirigida  a  las  regiones  que  se  extienden  al  norte 
del  Amazonas"  (sic  !  !)  ("Organized  in  1535,  [the  expedition]  was  directed 
to  the  regions  situated  to  the  north  of  the  Amazon  River"). 

"  He  was  wounded  with  a  poisoned  arrow,  cf.  loc.  cit.,  and  see  p.  247',  where 
is  given  a  detailed  account  of  the  preparation  of  urari,  or  curari,  by  the  Carib 
Indians. 
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vna  cam  panilla  E  otras  cosas  E  vn  jarro  de  estaiio  "  ("  Here  the] 
killed  Alonso  de  Herrera,  lieutenant  of  Governor  Dortal ;  and  to  thii 
place  came  afterwards  the  said  Dortal  and  found  true  marks  of  th< 
death  of  the  aforesaid  Herrera ;  and  there  were  found  among  othe: 
things,  a  little  bell  and  a  tin-cup  ").* 

This  legend,  of  course,  refers,  as  will  be  shown  later,  to  tw< 
chronologically  distinct  expeditions  into  the  interior  of  the  country. 

In  1536,  about  a  year  after  Herrera's  death,  Governor  Dorta 
organized  a  second  exploring  expedition,*  in  the  course  of  which  h< 
discovered  the  domain  of  the  female  cacique  Orocomay,  an  inde 
pendent  community  of  Indian  women,  similar  to  those  described  b; 
Father  Gaspar  de  Carvaxal  in  the  narrative  of  the  discovery  of  th< 
River  Amazonas  by  Francisco  de  ( )rellana  in  1 542.* 

This  social  phenomenon,  not  always  correctly  interpreted  b; 
writers,*  has  not  yet  been  observed  in  South  America,  but  in  th< 
"  Kulturkreis  "  of  the  Carib-aruaque. 

The  domain  of  Queen  Orocomay  is  located  on  Oviedo's  ma] 
between  the  Huyapari  and  the  Barrancas,  an  affluent  of  the  Carra 
naca  River,  and  is  given  the  following  legend:  "  P[or]  aqui  Estai 
los  pueblo [s]  E  senorio  de  la  Reyna  (  !)  orocomay  la  qual  no  s 
sirue*  sino  de  mugeres  "  (**Here  are  the  villages  and  domain  o 
Queen  Orocomay,  who  employs  only  females").* 

During  this  voyage  Dortal  had  to  contend  with  a  mutiny  led  b; 
Alderete  and  Aguilar,  two  of  his  officers ;  and  he  was  finally  com 
pelled  to  return  to  the  coast,  where  a  new  danger  threatened  him.' 

*  Ovicdo,  loc  cit. 

*"Y  segund  el  mismo  Hieronimo  Dortal  me  dixo  .  .  .  ."  ("....  ani 
according  to  what  I  was  told  by  H.  Dortal  himself  .  .  .  .")»  loc.  cit;  cap.  X 

p.  247'. 

'  **  Descubrimiento  del  Rio  de  las  Amazonas,  segun  la  relad6n  hasta  ahor 
inedita,"  etc.,  dc  Fray  Gaspar  de  Carbajal.    Sevilla,  MDCCCXCIV,  pp.  66-6; 

*  '*  Zur  siidamerikanischen  Amazonensage."  Von  Dr.  R.  Lasch ;  in  "  Mittei 
der  K.  u.  K.  Geogr.  Gesellsch.  in  Wien."  190,  pp.  278-289.  Dr.  G.  Friederic 
'*  Die  Amazonen  Amerikas."    Leipzig,  1910. 

*  The  verb  has  in  this  combination  a  double  meaning. 

*  Ovicdo,  II,  libro  XXIV,  cap.  X.  p.  247^ 

'£1  mismo  ano  [15]  36,  venido  Ortal  a  quejarse  de  los  suyos  que  se  1 
alzaron,  6  de  170  leguas  tierra  adentro  le  mandaron  con  los  oficiales  Reale 
k  la  costa  de  la  mar  .  .  .  ."  (^'The  same  year,  1536,  Ortal  came  to  complai; 
about  his  men  who  had  revolted  against  him  and  obliged  him,  together  wit! 
the  Royal  officers,  to  return  170  leagues  from  inland  to  the  coast") ;  cf.  "  j 
la  Sacra  Real  Magestad  del  Emperador  nuestro  Senor,  los  oidores  de  su  Res 
Audiencia  de  Santo  Domingo  a  31  de  Diciembre  de  1538,"  in  "  Coleccion  d 
Docs.  In6ditos."    Tomo  I.    Madrid,  1864,  p.  553. 
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Antonio  Sedeno,  as  we  have  already  seen,  hostile  ever  since  the 
time  of  Ordaz  to  any  attempt  at  colonizing  on  the  opposite  shores  of 
the  mainland,  had  unexpectedly  landed  on  the  coast  of  Maracapana. 
with  the  unmistakable  intention  of  seizing  Dortal,  his  hated  rival. 
Dortal.  however,  ha\nng  been  informed  in  time,  by  some  friends,  of 
Sedeno's  presence  at  the  town  of  San  Miguel,  fled  to  Cubs^ua ;  and 
shortly  after  to  Santo  Domingo,  where  he  notified  the  "  Audienda  " 
of  the  armed  invasion  of  that  peaceful  colony.  The  Royal  Court 
ordered  him,  accompanied  by  Johan  de  Frias,  "  juez  de  comision," 
to  return  to  his  settlement,  November,  1536.* 

Sedeno  died  in  the  meantime  near  the  River  Tiznados.' 

At  the  beginning  of  the  year  1540,  Dortal  led  his  second  recon- 
noitering  expedition  into  the  interior  of  Venezuela.* 

The  two  legends  relating  to  his  last  expedition  are  as  follows: 
"  De  aqui  partio  El  gou"'  hieronimo  dortal  E  atra  ueso  todos  Estos 
rios  hasta  q[ue]  llego  al  rio  grande  de  huyapari  E  fue  adonde 
mataron  a  alonso  de  herrera  su  teniente  al  qual  El  avia  Enviado  por 
El  rio  de  Huyapari  y  fue  Entre  El  estero  de  garranaca  y  Meta  y  se 
voluio  a  la  mar"  ("From  here  Governor  H.  Dortal  started  and 
crossed  all  these  rivers  until  he  reached  the  great  river  Huyapari ;  and 
he  went  to  the  place  where  A.  de  Herrera,  his  lieutenant,  was  killed, 
whom  he  had  ordered  [to  go]  by  the  river  Huyapari;  and  it  hap- 
pened f  Herrcra's  death]  between  the  swamp  of  Qarranaca  and  Meta ; 
and  he  (Dortal)  returned  to  the  sea  ";. 

The  second  inscription  relates  the  capture  of  Juan  de  Arguello, 
one  of  the  principal  instigators  of  the  above  mentioned  seditious 
movement  against  Dortal.  It  reads :  "  Junto  a  este  rio  En  el  pueblo 
de  Catalina  prendio  geronimo  dortal  a  Ju*  de  arguello  E  lo  hizo 
ahorcar  por  sus  meritos  "  ("  Near  that  river  (the  Guarico),  in  the 
village  of  Catalina,  G.  Dortal  seized  Juan  de  Arguello,  and  had  him 
hanged  according  to  his  merits  "). 


^  Oviedo,  II,  libro  XXIV,  cap.  X,  p.  249";  and  cap.  XII,  p.  253  ss;  cap.  XIII. 
]).  259".  '.  .  .  Dortal  ....  me  certifico  en  presen<;ia  de  algunos  hombres 
prcngipalcs  .  .  .  ."  (**  Dortal  ....  told  me  in  the  presence  of  some  leading 
men  .  .  .  ."). 

"  Caulin,  op.  cit.,  p.  159.  Rio  de  los  Tiznados  means :  "  river  where  they 
found  tattooed  Indians." — Carbajal,  p.  70 — "they  came  painted  black  all  over 
(tiznados),  for  this  reason  wc  called  that  place  province  of  the  negroes." 

'Oviedo,  cap.  XIV,  p.  262^  **....  en  el  mes  de  junio  de  1541,  avia  mas 
de  un  afio  que  no  se  sabia  del  gobernador  Dortal"  (**....  in  June,  1541,  it 
was  more  than  a  year  since  they  had  had  news  of  Governor  Dortal"). 
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This  act  of  summary  justice,  notwithstanding  the  fact  that  Argiiellc 
was  a  notorious  thief/  was,  however,  considered  as  exceeding  the 
power  of  the  governor,  and  Dortal  was  dismissed  shortly  afterward 
He  married  in  the  town  of  Santo  Domingo  in  1546.' 

Finally,  special  mention  should  be  made  of  the  inscription  concern- 
ing El-Dorado,  which  is,  of  course,  also  on  Oviedo's  map,  connectec 
with  the  Inca  Empire :  "  Detras  destas  sierras  d[e]l  Rio  de  Huyapar: 
Esta[n]  muy  grandes  llanos  lo  qua!  se  tiene  por  gierto  q[ue]s  h 
tierra  del  peru  E  los  yndios  dizen  q[ue]  detras  destas  sierras  a> 
grandes  Riquezas.  E  mucho  oro  "  ("  Beyond  these  chains  of  moun- 
tains of  the  river  Huyapari,  there  are  vast  plains  which  are  believec 
to  be  the  land  of  Peru,  and  the  Indians  say  that  beyond  these  chains 
of  mountains  there  are  great  treasures,  and  much  gold  "). 

The  influence  of  El-Dorado  *  and  other  similar  traditions  of  genuine 
Indian  origin,*  on  the  cartography  of  South  America  during  the 
second  half  of  the  sixteenth  century,  has  not  yet  been  studied  with 
the  care  and  attention  which  such  an  important  historical  and  geo- 
graphical question  deserves.* 

On  the  map,  generally  ascribed  to  Sir  Walter  Raleigh,*  and  made 
about  1595,'  we  can  see  El-Dorado,  Epuremei,*  and  that  wonder-city 
of  Great-Manoa  placed  in  the  very  vicinity  of  the  legendary  "  Lake 


^  Loc  cit,  p.  263. 

*  Loc.  cit,  cap.  XVI. 

■  Synonymous  with  which  are :  Machifaro,  or  Machipalo ;  Epuremei,  Eupana, 
La  gran  ciudad  de  la  Manoa,  which  presumably  gave  origin  to  the  legend 
of  the  lost  Inca  cities  somewhere  in  the  virgin  forests  beyond  the  Andes. 

*  Notwithstanding  the  corrupt  and  often  exaggerated  form  in  which  most  of 
these  traditions  came  to  us,  the  principal  elements  are,  after  all,  more  or  less 
identical  in  the  different  versions. 

•  A  special  chapter  will  be  reserved  for  this  most  interesting  question  in  my 
work  on  the  "  Origin  and  Development  of  the  Early  Cartography  of  America." 

•Reproduced  by  Paul  Vidal  de  la  Blache,  "La  Riviere  Vincent  Pinzon," 
Paris,  1902. 

'The  map  mentioned  in  the  "officio"  of  the  Duque  is  Raleigh's  chart,  but 
not  that  of  capitao  Andre  Pereira,  as  is  erroneously  believed  by  several 
Brazilian  historians ;  cf .  "  Annales  da  Bibl.  Nac.  do  Rio  de  Janeiro,"  Vol.  26. 
Rio  de  Janeiro,  1905 ;  "  Documentos  para  a  historia  da  Conquista  e  Colonisagao 
da  costa  de  Icstc — oeste  do  Brazil"  (separate),  pp.  179-183. 

•  Very  often  named  also  Evpana ;  cf .  the  planisphere  of  Bartholomeu  Velho, 
1561,  on  parchment,  4  sheets.  Florence,  Reale  Instituto  de  Bellas  Artes.  Re- 
produced by  Barao  de  Rio  Branco  (Jose  da  Silva  Paranhos),  **  Frontieres 
entre  Ic  Br6sil  et  la  Guyane  Frangaise."    "  Atlas."    Paris,  Lahure,  1900,  No.  14. 
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of  Alanoa."  The  latter  is  undoubtedly  identical  with  the  mythological 
**  Lake  of  Parima  ''  *  in  the  Carib-aruaque  traditions. 

Notwithstanding  its  roughly  sketched  character,  Oviedo's  map  of 
the  Huyapari  River  is  a  very  important  historical  document,  which, 
for  that  early  time,  shows  fairly  exact  knowledge  of  the  hydrographic 
conditions  in  the  interior  of  the  present  Republic  of  Venezuela,  espe- 
cially in  the  western  region,  between  longitude  67®  and  69®.  Most  of 
the  names  given  to  rivers  and  places  on  his  map  are  still  in  use, 
particularly  those  along  the  coast,  and  also  the  names  gpiven  to  the 
islands  by  the  first  discoverers  between  1498  and  1500.' 

In  conclusion,  there  can  be  not  the  slightest  doubt,  I  believe,  that 
Oviedo's  Huyapari  map  was  drawn  after  1542. 

II.   THE  SPANISH  ANONYMOUS  MAP,  ABOUT  1560 

The  map  shown  in  figure  2  was  first  reproduced  in  facsimile  by  the 
editor  of  the  **  Cartas  de  Indias."  with  the  following  title:  "  Mapa  de 
los  rios  Amazonas,  Esequibo  6  Dulce  y  Orinoco  y  de  las  comarcas 
adyacentes ''  (*' ^lap  of  the  rivers  Amazon,  Esequibo  or  'Dulce* 
(sweet  water  river)  and  Orinoco;  and  the  adjoining  parts").  We 
need  not  take  up  the  question  as  to  whether  or  not  it  is  reproduced 
in  the  original  size  or  whether  the  original  contains  the  title  given 
above. 

The  map  bears  neither  name  of  the  author  nor  date.  Judging  from 
the  handwriting  and  from  some  of  the  inscriptions  relating  to  differ- 
ent historical  events,  it  was  doubtless  made  in  the  second  half  of  the 
sixteenth  century.  And  therefore,  I  think,  the  year  1560,  ascribed 
to  the  map  by  the  editors  of  the  "  British  Guyana  Boundary  Arbitra- 
tion," '  was  accepted  also  by  the  learned  Brazilian  historians  Barao 
de  Rio  Branco  *  and  Dr.  Joaquim  Nabuco.* 


*  The  great  Paro,  meaning  a  powerful  Indian  chief,  and  sometimes  "great 
river,"  or  *'  lake,"  also  plays  an  important  part  in  the  Indian  traditions  of 
Northwestern  Bolivia  anil  Eastern  Peru :  and  it  is,  of  course,  etymologically, 
related  to  Pan-(i)ma;  Iluya-pari,  Machi-paro,  and  others. 

Ima,  or  ema,  in  Aruaque  signifies  **  mouth  of  a  river";  cf.  Abur-cma 
(Chiriqui)  discovered  by  Columbus  on  his  fourth  voyage  (1502- 1504). 

A  river  termed  Aburema  is  mentioned  also  by  Henri  Coudreau  **  La  France 
Equinoxiale,"  etc.  II.  Paris,  1887,  p.  63. 

*  Third  voyage  of  Columbus,  1498. 

First  voyage  of  Hojcda  (-Cosa- Vespucci),  1499-1500. 
First  voyage  of  Guerra-Peralonso  Nino,  1499-1500. 
'  *'  Venezuela."     Baltimore,  1898.    Atlas,  No.  76. 

*  Loc.  cit..  No.  13. 

• "  Frontieres  enire  le  Bresil  et  la  Guyane  Anglaisc."  "  Atlas."  Paris, 
1903,  No.  4. 
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The  author,  surely  a  Spanish  professional  chart-maker,  used  for 
the  compilation  of  the  map,  at  least  as  far  as  concerned  the  rivers 
Esequibo  and  Orinoco,  data  which  he  must  either  have  obtained 
direct  from  explorers  of  these  rivers,  or  else  he  may  have  simply 
copied  an  original  chart  to  which,  presumably,  he  afterwards  added 
several  of  the  inscriptions. 

The  fancy  representation  of  the  course  of  the  Amazon  River,  on 
the  contrary,  was,  ostensibly,  depicted  from  one  of  the  numerous 
derivatives  of  the  Sebastian  Cabot  Mappa  Mundi  of  1544/ 

Two  of  the  legends  relate  to  the  Ordaz  expedition  in  1532.  The 
first  is  placed,  approximately,  in  the  region  which  on  Oviedo's  map 
is  occupied  by  the  Indian  village  Huyapari,  and  runs  as  follows: 
"  esto  qf  ue]  mo  Ordas.  ano.  1536  "  ("  This  was  burned  [by  order  of] 
C)rdaz  in  1536  ").  This  refers  to  that  shameless  outrage  committed 
by  Ordaz  before  he  started  up  the  Orinoco,  in  the  village  of  the 
Indian  chief  Baratu-baro.'  For  some  trifling  reason  the  cruel  dis- 
coverer ordered  the  village  to  be  burned,  and  over  120  of  the  defence- 
less Indians  perished  in  the  flames.' 

The  second  legend,  at  the  foot  of  the  chain  of  mountains  in  the 
interior,  and  to  the  left  of  the  rapids,  where  Ordaz  was  compelled 
to  abandon  his  project,  reads :  "  Aqui  llego  ordas  co[n]  sus  naujos  y 
no  pudo  passar  por  vn  salto  q[ue]  el  rio  haze  e[n]  la  sierra  y  volujose 
ano  1536*  murio  en  la  mar  camjno  de  Castilla  "  ("Ordaz  reached 
this  place  with  his  vessels  and  was  unable  to  sail  farther,  on  account 
of  a  fall  formed  by  the  river  in  the  mountains,  and  he  returned,  1536. 
He  died  at  sea  on  the  voyage  to  Castille  "). 

That  the  dates  of  the  historical  events  are  the  chart-maker's  weak 
point,  can  be  seen  also  in  the  following  inscription  which  refers  to 
Orellana's  memorable  voyage  down  the  Amazon  River  in  1542: 
"  Ano  de  1546  *  baxo  este  rio  abaxo  Orillana.  mas  q[ue]  mjU  leguas 
y  fue  a  espana  y  bolujo  co[n]  la  gouernacio[n]  do[n]de  se  p[er]  dio 
co[n]  todos  los  qu[e]  co[n]  el  yua[n]  por  entrar  por  el  rio  a  riba(  !) 
q[ue]  es  gra[n]  parte  anegadizos  e  auja  salido  este  del  peru  co[n] 

^  Diego  Homen,  1558.  BVitish  Museum,  Add.  MSS.  5415A,  reprod.  by  Rio 
Branco,  loc.  cit.,  No.  11.  EHego Homen;  1568,  ibid.  No.  17';  Atlas  of  Bartolome 
Qlives,  Vatican,  Codex  Urbinas,  283 ;  ibid.  No.  15. 

^  It  is  a  very  interesting  fact  that  names  of  Indian  chiefs  and  of  rivers  are 
often  identical,  as  f.  i.,  Baratu-baro,  Juan-ico,  Tari-pari,  or  Turi-pari, 
and  so  on. 

*Oviedo.  II.  p.  216. 

*  Originally,  "  1536!  "  See  the  emendation  on  the  accompanying  photograph 
of  this  map. 
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go[njQalo  pigaxTo  q[ua]n|do]  descubrio  la  canela*  y  muriero[nJ 
de  ha[m]bre  la  mayor  p[ar]te  de  los  q[ue]  co[n]  el  fuero[n]  " 
("In  the  year  1546  [instead  of  1542]  Orellana  sailed  down  this 
river*  over  1,000  leagues,  and  went  to  Spain;  and  having  been 
appointed  governor  he  returned  to  this  river,  where  he,  with  all  his 
companions,  almost  perished  in  sailing  up  the  river,  which  in  great 
part  is  marshy ;  and  he  had  started  from  Peru  with  Gonzalo  Pizarro, 
when  the  latter  discovered  the  province  of  cinnamon ;  and  most  of 
those  who  went  with  him  died  of  hunger  "). 

Gonzalo  Pizarro  left  Quito  at  the  close  of  February,  1541,  for  the 
"pais  de  la  canela."*  On  February  2,  1542,  Orellana  and  his  com- 
panions reached  the  Curaray,  an  affluent  of  the  River  Napo,  and  on 
Sunday,  February  11,  began  the  voyage  down  the  river  at  present 
called  "  de  las  Amazonas." 

The  latest  geographical  datum  in  the  anonymous  map  is  the  legend 
on  the  coast  of  the  present  Brazilian  Guyana,  which  briefly  relates 
the  fate  of  the  Portuguese  colonizing  expedition  led  by  Luis  de  Mello 
in  1554:  "  Ano  ( !)  de  1554.  dia  de  S.  Martin.*  Se  perdio.  en  esta 
costa  al  est.  ala  boca  del  maranon.  Luis  de  Mello.  portugues  co[n]. 
600.  ho[m]bres  q[ue]  lleuaua  en.  6.  naujos  sin  torm[ent]a  sino  q[ue] 
surgiero[n]  a  la  noche  en.  7.  bragas.  y  de  noche  baxo  el  agua  y  q[ue]- 
daro[n]  en  seco  "  ("  In  the  year  1554,  on  St.  Martin's  day,  Luiz  de 
Mello,  a  Portuguese,  was  lost  on  this  coast,  westward  of  the  mouth 
of  the  Marafion,  and  with  him  600  men  in  six  vessels ;  [they  were 
lost]  not  in  a  gale,  but  on  account  of  anchoring  ai  night  in  seven 
'bragas'  (each  of  2.20  m.  of  water),  which  on  the  following  night 
ebbed,  leaving  them  on  dry  land  '').* 

*"E1  Pais  de  la  Canela."  Por  D.  Marcos  Jimenez  de  la  Espada;  in  "El 
Centenario."     Revista   Ilustrada,   etc.     T.   III.     Madrid,    1892,   pp.   437-457 

(illustr.)* 

*Carbaxal,  op.  cit,  p.  55,  ".  .  .  .  y  nos  dijo  como  entre  ellos  habian  dos 
mujeres  blancas,  y  que  otros  tenian  indias  y  hijos  en  ellas :  estos  son  los  que 
se  pcrdieron  dc  Diego  de  Ordas  .  .  .  ."  ("And  told  us  that  there  were  two 
white  women  among  them  (Indians) ;  and  that  others  (Spaniards)  have 
Indian  women  and  children  with  them.  They  are  those  who  were  lost  on 
the  Ordaz  expedition  ")  ;  cf.  Castellanos,  1.  c,  where  he  relates  the  shipwreck 
of  J.  Corncjo. 

•  Another  version  of  the  "  El-Dorado." 

•Probably  November  11. 

•For  further  details,  see  F.  A.  de  Varnhagen  (Vizconde  de  Porto  Seguro), 
"Historia  Geral  do  Brasil."  Second  ed.  (Wien,  s.  d.),  tomo  I,  p.  261;  and 
cf.  also  "Tractado  Historico,"  etc.,  by  Gabriel  Soares  de  Souza,  whose 
account,  in  part,  differs  from  that  of  the  former. 
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Interesting  observations  on  the  topography  of  the  coast  northward 
of  the  mouth  of  the  Amazon,  or  Maranon,  are  contained  in  the  legend 
placed  on  the  coast  of  the  "tierra  de  paragotos*  amigos  de  Arua- 
cas  " : '  "  toda  esta  costa  hasta  la  ysla  dela  trinjdad  como  corre  es 
baxos  de  arena  y  lama,  y  anegadi  zos.  20  leguas  la  tierra  adetro.  q[ue] 
no  ay  puerto '  p[ar]a  nauio  grande.  ni  au[n]  p[ar]a  verga[n]tin 
sino  co[n]  gra[n]  difficultad  "  ("  Along  this  coast  as  far  as  the  island 
of  Trinidad,  there  are  shallows  of  sand  and  mud,  and  swamps, 
extending  over  twenty  leagues  inland;  there  are  no  seaports  for 
large  vessels,  and  even  small  ones  can  enter  only  with  great  diffi- 
culty"). 

"  Guyana,  ay  oro  guanj  "  ("  Guyane.  There  is  gold  guani  [low 
carat]  "),  reads  a  legend  placed  in  the  valley  formed  by  two  short 
chains  of  mountains  situated  between  the  rivers  Cuyramo  and  Caroni, 
two  southern  tributaries  of  the  Orinoco. 

About  four  degrees  north  a  long  chain  of  mountains  runs  from  the 
Orinoco  uninterrupted,  in  a  southeasterly  direction  across  the  inte- 
rior, almost  to  the  northern  mouth  of  the  Amazon. 

The  region  where  on  other  maps  is  generally  shown  the  legendary 
lake  of  Manoa,  is  here  occupied  by  the  following  inscription: 

"  esta  sierra  viene  del  reyno  y  del  peru  es  alia  en  el  peru  rica  de 
plata  en  el  reyno  de  oro.  y  por  aqui  esta  lo  q[ue]  dice[n]  el  dorado  " 
('*This  chain  of  mountains  extends  from  the  kingdom  [of  New 
Granada]  and  from  Peru;  in  Peru  it  is  rich  in  silver;  and  in  the 
kini^doni  it  is  rich  in  gold  ;  and  this  is  what  they  call  El-Dorado  "). 

J  his  strange  geographical  conception,  a  result  of  the  influence  of 
the  Indian  legend  on  early  American  cartography,  prevails  on  most 
maps  made  in  the  second  half  of  the  sixteenth  century.* 

H)to  is  the  typical  termination  of  Carib  clan-names;  cf.  Cumanag-oto; 
Puruc-oto  and  many  others. 

"  *'  Arruans,"  as  quoted  by  Goeldi,  is  incorrect ;  cf.  "  Memorias  do  Museu 
Paraense  de  Historia  Xat.  e  Ethnographia."  I.  "  Escavagoes  archeologicas  em 
1895."    [Para]  1900,  p.  34,  2d  ed.,  Pari,  1905,  1.  c. 

Goeldi  is  a  genuine  representative  of  the  Tupi-mania. 

^  Therefore  the  stereotyped  observations  of  *'  anegadizos  "  "  no  visto  "  "  visto 
de  lexos  "  on  the  early  American  maps. 

*  And  even  on  several  original  charts  of  the  seventeenth  century,  as  on  those 
made  by  the  brothers  Joao  and  Pedro  Teixeira.  The  most  interesting  graphic 
representation  of  El-Dorado  appears  on  a  manuscript  chart  of  the  lower 
course  of  the  Amazon  River,  drawn  by  one  of  the  Teixeira,  about  1625  to 
1630.  The  photographs  in  original  size  of  that  as  yet  unpublished  chart  are 
preserved  in  the  SchuUer  Collection  at  the  Library  of  Congress,  Washington. 
Neither  of  the  modern  bibliographers  furnishes  exact  data  on  these  two 
Portuguese  cartographers. 
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Finally,  there  is  a  legend  concerning  early  communication  betweer 
the  Amazon  and  Esequibo  rivers,  probably  by  the  headwaters  of  th< 
latter  and  those  of  the  Rio  Branco,  an  affluent  of  the  Rio  Negro 
"  Yayua  caciq[ue]  Aruaca  Ano.  1553,  subio  por  el  rio  de  es[e]quib< 
arriba  co[n]  4.  piraguas,  y  las  passo  a  cues  tas  la  sierra  y  dio  a  h 
otra  v[er]tie[n]te  en  otro  Rio  y  por  el  fue  a  dar  en  el  rio  gra[n]d< 
de  las  amazonas.  y  hallo  ta[n]ta  ge[n]te  q[ue]  se  bolujo  "  ("  Yayua 
Aruaque  chief,  in  the  year  1553  went  up  the  Esequibo  with  foui 
piragua,'  and  carried  them  over  the  mountains;  and  on  the  othei 
side  he  reached  another  river,  by  which  he  went  down  to  the  grea 
Amazon ;  and  he  found  [there]  so  many  people,  that  he  returned  ") 

The  geographical  nomenclature,  especially  the  names  of  the  riven 
between  the  Amazon  and  Orinoco,  differs  materially  from  that  01 
other  maps  of  the  same  period. 

Starting  from  the  northern  mouth  of  the  "  Amazonas,"  or  Mara 
fion,  we  find  there  the  following  rivers :  R.[io]  Cureti  (Corrent-ine)  ; 
R.  Beruisca  (Berbisce?);  R.  Magnay  ....  ( ?)  ;  R.  Mirari;  R 
Capaname;  R.  duce  (!)  (Esequibo);  R.  Baruma^  cacique  cagu 
rama);*  R.  Moruca,  cacique  gumapoyma  y  Aruare  cacique;  R 
Guaynj  (Wa-iVii,  We-^«^),  cacique  Jeraya  coyma;  R.  Guayanepe 
and  R.  Barimea  (Bari-ma),  cacique  orejon  (=:long  ear). 

The  Aruaque  there  occupy  the  shores,  and  the  interior  of  th< 
coimtry  is  inhabited  by  the  Carib(es).  The  line  traced  from  th< 
mouth  of  the  river  Barima  to  the  Berbisce  seems  to  indicate  th< 
border  of  their  respective  habitats. 

So  many  details  on  a  relatively  early  map  strengthen  the  belie 
that  the  anonymous  author  must  have  had  before  him  original  infor 
mation,  probably  obtained  from  one  of  the  El-Dorado  expeditions, 
undertaken  in  the  second  half  of  the  sixteenth  century. 


^Can6a  and  piragua  are  two  genuine  Carib-aruaque  words,  notwithstand 
ing  all  said  against  this  view  by  Professor  Leo  Wiener,  of  Harvard  University 

*  Inc,  cnc,  in  Aruaque,  "  water,"  "  river  " ;  papam-enc  is  the  Aruaque  nam- 
for  the  Amazonas.  Pinzon  in  1500  learned  the  name  "  Maria- (Paria),"  o: 
"  Marina- (Parina)-tam-balo  (=palo  :=falo  =paro  =faro),  which  seems  t< 
be  the  Carib  designation  for  that  river. 

The  origin  of  the  name  Maranon  from  the  Portuguese  Maranhao  is  un 
supported. 

•On  that  river  probably  was  situated  the  village  of  the  chief  mentione( 
above. 

*Archivo  General  de  Indias,  Sevilla;  139-1-2,  Tomo  III®:  "De  oficio 
Rio  Maranon — Desde  20  de  Maio  de  1530  hasta  21  de  Febrero  de  I539";  an< 
especially:  139-1-1,  Tomo  1°  and  Tomo  IV:  cf.  also  the  pen  sketch  map,  o 
about  i5Sa  14S-7-7.    Ramo  5. 
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ON   THE   DISTRIBUTION   OF   RADIATION   OVER   THE 
SUN'S  DISK  AND  NEW  EVIDENCES  OF  THE 

SOLAR  VARIABILITY 

By  C.  G.  abbot,  F.  E.  FOWLE,  and  L.  B.  ALDRICH 

(With  One  Plate) 

Referring  to  the  Annals  of  the  Astrophysical  Observatory/  we 
gave  there  the  results  of  earlier  investigations  of  the  distribution  of 
radiation  over  the  sun's  disk,  and  some  indications  of  a  variability  of 
this  distribution  which  might  be  associated  with  variation  of  the 
sun's  total  radiation.  This  work  was  done  in  Washington  prior  to 
the  year  1908.  When  the  new  observing  station  of  the  Smithsonian 
Institution  was  constructed  upon  Mt.  Wilson  in  1909,  provision  was 
made  for  the  erection  of  a  tower  to  be  used  for  a  tower  telescope  for 
the  continuation  of  such  observations.  It  proved  impossible  to  equip 
a  tower  telescope  until  the  autumn  of  the  year  1913,  when  apparatus 
was  hastily  arranged  and  operations  were  begun  on  September  9, 
1913.  The  tower  was  improved  both  in  its  rigidity  and  in  the  mount- 
ings of  the  apparatus  for  the  research  in  1914  and  191 5,  and  is  now 
regularly  used  on  all  days  when  solar-constant  observations  are 
made. 

In  figure  i  (pi.  i)  is  given  a  general  view  of  the  tower  telescope 
upon  the  observing  station  at  Mt.  Wilson.  Owing  to  the  bold  situa- 
tion of  the  station,  it  is  impossible  to  get  a  photograph  of  the  appara- 
tus except  by  climbing  a  tall  pine  tree  at  some  distance  away,  and 
the  trees  intervening  are  some  obstacle  to  a  satisfactory  presentation 
of  the  installation. 

Figure  3  is  a  diagram  of  the  construction  of  the  tower  telescope 
and  its  relation  to  the  spectro-bolometer.  A  and  B  arc  the  mirrors 
of  the  coelostat,  from  which  a  beam  of  sunlight  passes  downward  to 
the  30-centimeter  (12-inch)  concave  mirror  C  of  23  meters  (75  feet) 
focal  length.  Thence  the  beam  passes  up  to  the  plane  mirror  D, 
which  reflects  the  image  to  focus  at  E  near  the  floor  of  the  observing 
chamber.  At  F  is  a  small  plane  mirror  at  the  angle  of  45°,  which 
reflects  the  beam  through  the  slit  C  of  the  spectro-bolometer  G  H  I. 
At  /  K,  outside  the  observing  chamber,  is  the  coelostat  used  for  the 
ordinary  solar-constant  observations. 

'Vol.  2,  Pt.  3,  and  Vol.  3.  Giap.  7. 
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The  reader  will  understand  that  the  beam  from  the  coelostat  A  B, 
or  that  from  the  coelostat  /  K,  may  be  brought  to  the  spectro- 
bolometer,  according  as  the  45°  mirror  F  is  in  place  or  withdrawn. 
The  former  is  the  condition  for  observing  the  distribution  of  light 
over  the  sun's  disk,  the  latter  the  condition  for  observing  the  solar 
constant  of  radiation. 

As  explained  in  the  publications  already  cited,  we  allow  the  sun's 
image  to  drift  across  the  slit  of  the  spectro-bolometer  by  the  diurnal 
motion  of  the  earth,  thus  avoiding  all  sources  of  error  associated 
with  inequalities  of  the  transmission  of  the  optical  apparatus  of  the 
tower  telescope.  For  it  is  obvious  that  during  a  single  such  period 
of  drift  the  telescope  is  always  directed  to  the  same  point  of  the  sky, 
and  treats  whatever  object  passes  that  point  with  impartiality,  whether 
it  be  the  sun's  limb,  center,  or  the  light  of  the  sky  itself.  We  regard 
this  feature  as  very  favorable  for  exact  results,  and  much  preferable 
to  the  arrangement  used  by  some  investigators,  in  which  the  observ- 
ing apparatus  is  shifted  about  from  part  to  part  of  the  solar  image, 
and  the  results  may  be  affected  by  inequalities  of  transmission  of  the 
optical  apparatus  to  these  different  parts  of  the  image. 

On  the  other  hand,  we  are  thereby  limited  to  an  east  and  west 
course  across  the  sun's  disk,  and  this  hardly  ever  coincides  with  the 
solar  equator.  However,  it  seems  clear  that  a  comparison  of  the 
mean  of  a  great  number  of  observations  taken  during  a  large  part  of 
one  year  with  that  of  a  great  number  of  similar  observations  covering 
the  same  part  of  another  year,  would  certainly  be  fairly  comparable 
irrespective  of  the  various  presentations  of  the  sun  during  these  inter- 
vals. It  is  by  no  means  so  clear,  without  further  investigations 
which  we  hope  to  undertake  next  year,  that  short-period  changes  of 
the  distribution  of  radiation  along  a  solar  diameter  may  not  be  asso- 
ciated with  changes  of  distribution  depending  on  latitude  in  the  sun. 
Such  investigations  as  have  been  made  on  this  point  heretofore  relate, 
we  think,  only  to  total  brightness  or  total  radiation.  Pickering's ' 
experiments  indicated  that  the  contrast  of  visual  brightness  along  a 
polar  diameter  exceeds  that  along  the  equatorial,  so  that  for  total 
visual  brightness  at  95  per  cent  out  on  the  radius  the  equator  is 
brighter  in  the  ratio  of  about  56  to  53.  Pickering  expressed  doubt 
as  to  whether  this  difference  is  solar  or  from  experimental  error. 
The  more  numerous  investigations  of  Langley '  seem  to  have  shown 
clearly  that  differences  of  contrast  in  total  radiation  between  the  equa- 
torial and  polar  diameters  of  the  sun  arc  negligibly  small,  probably 


*Proc.  Amtr.  Acad.  Arts  Sci.,  Vol.  10,  p.  428.  1874. 
'Comptes  Rendus  Sept.  6.  1875. 


or 
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far  less  than  i  (>cr  cent.     Hence  it  seenis  probable  that  the  influence 
of  changes  in  the  inclination  of  the  solar  equator  as  affecting  our 

investigations  is  inappreciable. 

Fic^airc  2  (  pi.  I )  shows  a  number  of  drift  curves  at  selected  regions 
of  the  >{>ectruni  chosen  to  indicate  the  differences  of  form  which  are 
fouiul.  depending  on  wave  lengths.  As  discovered  by  earHer  investi- 
ators.  and  hitherto  abundantly  confirmed  by  ourselves,  the  contrast  of 
brightness  between  the  center  and  the  edge  of  the  sim  is  greatest  for 
short  wave  lengths,  and  diminishes  as  one  comes  to  the  red  and 
infra-red. 

We  have  two  principal  objects  in  this  research :  First,  to  repeat  our 
earlier  determination  of  the  distribution  of  light  along  the  diameter 
of  the  solar  image ;  second,  to  detect  fluctuations  of  distributions 
from  year  to  year  and  from  day  to  day,  if  any,  and  to  compare  them, 
it  found,  with  fluctuations  of  the  radiation  of  the  sun  as  determined 
in  our  solar-constant  investigations. 

()n  each  day  of  observation  we  are  accustomed  to  take  14  drift 
curves,  two  each  at  seven  different  wave  lengths,  as  follows :  0.3737f^ 
0.4265/x.  0.5062/X.  o.5955fi,  0.6702/1, 0.8580/X,  and  1 .008/*.  In  the  reduc- 
tion of  observations,  we  proceed  as  stated  on  pages  154  and  155  of 
\V)I.  3  of  our  Annals,  from  which  we  quote  as  follows: 

"  We  liave  <lettTmined  the  rate  of  descent  in  the  plate  carrier  of 
the  photocrrajjhic  plates  on  which  the  curves  are  recorded,  and  have 
determined  from  the  Nautical  Almanac  the  time  required  for  the 
sun's  disk  t(j  pass  the  meridian.  From  these  data  we  have  determined 
the  distance  alon^r  the  plate  corresponding  to  the  width  of  the  sun's 
diameter.  This  distance  has  been  regarded  as  the  true  width  of  the 
U-shapecl  curve,  and  all  the  measurements  of  ordinates  of  this  curve 
h.ive  h'oeii  ma<k'  :it  certain  round-numbered  fractions  of  the  corre- 
^jiniHlini;  >ol;:r  radius. 

**  To  ilhistrate :  <^)ii  June  8,  i<)o8,  the  sidereal  time  required  for  the 
sun's  seniirliaiiKier  to  pass  the  meridian  was  i'"  8.72'.  The  corre- 
sp(;ndin.cc  mean  .solar  time  for  the  passage  of  the  diameter  is  2.284*. 
( )n  this  (late  the  photographic  plate  descended  3.978  centimeters  per 
minute.  Hence,  the  diameter  of  the  sim  expressed  on  the  photo- 
graphic i)late  is  <;.(>8^j  centimeters.  Measurements  were  made  at  the 
center  and  at  10  places  on  either  side  of  it.  making  21  places  in  all, 
at  distances  from  the  center  of  the  U-shaped  curve  which  correspond 
to  certain  fractions  of  the  solar  radius  from  the  center  of  the  sun's 
disk. 

"  In  further  reduction  of  the  observations,  the  mean  values  of  the 
measurements  on  each  curve  for  the  advancing  and  following  limbs 
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of  the  sun  were  taken.  Then,  in  order  to  standardize  the  observations 
(for  it  is  to  be  remembered  that  the  holographic  curves  depend  for 
their  ordinates  on  the  sensitiveness  of  the  galvonometer,  the  clearness 
of  the  sky,  and  the  sun's  zenith  distance,  all  of  which  vary  from  day 
to  day),  the  siuns  of  the  mean  measurements  at  the  center  (given 
half  weight)  and  at  2/10,  4/10,  55/100,  and  65/100  radius,  were 
taken.  All  the  measurements  were  divided  by  this  sum  and  thus 
expressed  in  terms  of  a  unit  five  times  the  mean  height  of  the  central 
part  of  the  U-shaped  curve. 

"  For  illustration:  On  June  8,  1908,  the  following  measurements 
were  made  on  a  curve  corresponding  to  wave  length  0.501^1.  Taking 
the  sum,  40.96,  of  the  first  five  places  (giving  the  central  place  half- 
weight)  and  dividing  this  sum  into  the  mean  values  at  the  several 
places  on  the  curve,  we  have  the  following  values : 

Table  (53)  i. — Illustrative  of  reduction  of  drift  curve  observations 


Dittancet  from  center: 

Linear 

Fractional 


HeHchU: 

Advancing  limb 


3-75    3-98 


4.18 


9  80    9.69    9.16 


Following  limb ; 9.69    9.26 


8.74    8.41 
;8.8i     8.36 


0.825  0.875  0.93 


4  32 

0.95 


4.41 
0.97 


7.61 
7.68 


^.96 
7.03 


Mean 3x4. 909.69    '9.21    H.775  8.385  7-645  6.995  6  36 

Ratio,  mean  height  to  40.961    .1196  .2366  .2249;  .2142,  .2047r'>866  .1708  .15! 


Ratio  to  central  height^..!  i.oooo  .9862  .9379!  -8932  .8536 


6.35  S.65  k.70  3.60 
6.37  558  4.78  4.16 
'5.615  4.74  3-88 


1553  .1371  -"57 
.7781  .7123  .6476;  .5717  4825 


.0947 
•3949 


^The  lowest  line  of  the  table  is  added  in  view  of  its  interest,  but  is  not  used  in  the  reduc* 
tiona.  It  ia  based  on  the  standard  central  value  .1199  found  from  104  curves.  It  will  be 
further  explained. 

"  The  following  table  contains  the  standard  reduction  values  for 
many  wave  lengths.  It  corresponds  to  the  next  to  the  last  line  of 
table  above,  represents  the  mean  of  many  days  of  observation,  and  is 
used  in  preparation  of  the  tables  which  follow  it. 


AUXILIARY    STANDARD   REDUCTION    VALUES 
Table  (54)  2. — Mean  distribution  of  radiation  along  radius  of  solar  disk 


1 

Distance  from 

center  as  fracti 

on  of  radius 

si 

a-ga 

. 

— 

_  .  —  . 

—   — 

— 

-  -■  — 

0 

9«M  « 

0.00^ 

0.20 

0.40 

0.55 

0.65 

0.75 

1 

0.825 

0.875 

0.92 

0.95 

e!jB6 

3 

1 

0.1233 

0.2417 

0.2283 

0.2II0 

0.1953 

0.1750 

0.1560 

0.1367 

0.1190 

0.1030 

0.433 

s 

.1237 

.2400 

.2275 

.2126 

.1978 

.1789 

.1588 

.1430 
.1487 

.1251 

.1104 

0.458 

.iao7 

.2380 

.2273 

.2136 

.2007 

.1826  1 

.1644 

.1298 

.1136 

o.9i 

74 

•laox 

.237» 

.2267 

.2141 

.2018 

.1851 

.1683 

.1532 

.1359 

.1198 

o.soi 

104 

.1199 

.2362 

.2267 

.2145 

.2026 

.1864 

.1704 

.1559 

.1397 

.1240 

O.S34 

104 

.I1Q2 
.1182 

.2353 

.2265 

.2150 

.2041 

.1888  : 

.1736 

.1602 

.1443 

.1306 

0.604 

72 

.^339 

.2262 

.2158 

.2062 
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•  1403 
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.1965 
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0.866 

51 

.1160 
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.2163 
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.1996 

.1928 
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.2236 

.2202 

.2169 
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*■  On  half  the  scale  of  other  columns. 
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"  The  valuer  :r.  the  tabk  just  giTcn  arc  a  standard  of 
the  values  r  bta:ried  at  these  wave  lengths  on  anr  day  of 
are  comparable  -.vith  them  as  soon  as  reduced  to  Ae  form 
next  to  the  la?:  line  of  table  53. 
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MEAN    D:.-Tr.:BUTION    OF    R.\DIATiriN    ALONG    THE    SOLAR 

?.ad:us  for  different  wave  lengths 

**  The  fo!'.  -.vin:^'  tabular  summar>-  of  the  distribution  of  brightness 
of  'iincrer.:  \\:^\*:  Icncnhs  alon^  the  diameter  of  the  sun's  disk  has 
Ixren  o'rtuine :  ir.  :he  manner  just  described  from  numerous  observa- 
tioTi-  r.a^i'j  r^-:\VL-cr;  November  i,  KXX*.  and  Januar>'  i,  1908.  Profs. 
Schwanz'.:::!':  and  \*iila2:er  determined  the  distribution  of  radiation 
alo::L'  the  -naiTctcr  of  the  sun  for  the  ver>-  short  wave  length, 
K  —  '}.xj.}s\*.  by  ; ':. '•to^'raphic  observations  made  after  silvering  the 
ob'<.' tivt:  r,:  tlclr  telescope/  In  this  way  they  observed  only  with 
t:.c  i:Itra-v:";' :  r;.y-  transmissible  by  silver.  The  following  table 
iijcl-i'ie-  tl.L  w.^:.-:.  "1  observations  of  Schwartzchild  and  Villager: 


;;      y.Kvin  distribution  of  radiation  d/tM.c  radius  of  solar  disk 
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\\v  ui)\\  'j'wv  tlu-  iiiran  disiribntion  of  radiation  along  the  solar 
radins  for  dilfrrfiit  wave  leni^lhs  as  found  by  the  observations  of 
i<;i.V  I  lit"  tal)les  here  i^iven  are  conformable  to  tables  54  and  55  of 
\'(>1.  },  of  the  Annals.      They  relate,  however,  to  other  wave  lengths. 
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Table  4. — Auxiliary  standard  reduction  values  of  19 13 


Wave 

length 


0.3737 
0.4365 
0.5062 

0.5955 
0.6702 
0.8580 
1.0080 


Number 

of  obter- 

vation* 


84 
81 

87 
83 

2^ 
83 

78 


Distance  from  center  as  fraction  of  radius 


0.I3I0  0.3401  0.3378 

.1318,  .3399  .3383 

.1193  .3360  .3369 

.1170  .33351  .2361 

.1168  •33i9|  .3358 

.1156  .3397,  .3347 

.1152  .3390  .3346 


0.5s 

0.65 

0.75 

0.3  33  0.1978 

1 
0.1781 

.3134 

.1978 

:;i5i 

.3147 

.3033 

.3161 

.3065 

•  1935 

.3170 

.3086 

.1973 

.3183 

.3118 

.3037 

.3186 

.3126 

.3046 

0.835  0.875  I  0.93 


0.1589  o.i4i3'o.i3i7 


0.95 


0.1053 


0.97 


.1595;   .I43«    -1245    -1084 


.I7I7{   .1576  .1410 

.1803    .1681 1  .1536 

.1856    •I747|  *i6i7 

.1933    .1847  .1741 

.i960-   .1881I  .1781 


.1262 

.1403 
.1495 
.1643 
.1689 


0.0852 
.0946 
.1136 
.1376 


Table  5. — Standard  distribution  of  radiation  along  radius  of  solar  disk,  igij 


Wave 

length 


Number 
of  obser- 
vations 


Distance  from  center  as  fraction  of  radius 


0.00 


0.30  >  0.40     0.55 


0.3737 
0.4^5 
0.5063 

0.5955 
0.6702 

0.8580 

i.ooBo 


84 
81 

I" 
83 

83 
83 

78 


0.65     0.75    0.835  I  0.87s 


T 


1. 0000  0.9841  0.9344  0.8708  0.8113  0.730s  0.6518  0.5796 


0.93 


I.OOOO 
I.OOOO 
I.OOOO 
I.OOOO 
I.OOOO 

I.OOOO 

I 


.9848 

.9891 
.9903 
.9937 

•9935 
•9939 


.9368 
.9510 

.9589 
.9666 

.9719 
.9748: 


.8719, 
.89081 
.9165 
.938 

•94 


.8120 

.8516 

•87S7J 
.8930I 
.91611 

.9337 


7336 

7871 

.8206 

.8443 

.8767 
.8880 


.6548 
.7196 
.7643 

•7945 
•8356 
.8507 


.5874 
.6605 
.7129 
.7479 

•78^ 
.8164 


0.4992 
.5111 

•5909 

.6514 
.6922 
.7530 


0.95 


0.97 


0.4319 
•4450 
•  5289 
.5946 
.6400 
.7102 


o. 


J3 
.4719 

.54" 


•7730  .7331 


CHANGES  OF  DISTRIBUTION  FROM  YEAR  TO  YEAR 

We  have  compared  the  distribution  for  1907  with  that  for  1913. 
It  was  at  once  apparent  that  a  change  of  distribution  had  occurred. 
Inasmuch  as  the  year  1913  was  a  year  of  absolute  minimum  of  sun 
spots  such  as  has  not  been  equaled  for  almost  a  century,  it  seemed 
well  to  use  the  distribution  obtained  in  191 3  as  a  standard  of  refer- 
ence. 

Imagine  tables  to  be  formed  for  other  years,  similar  to  that  which 
we  have  just  given  for  191 3.  Imagine,  further,  that  we  divide  each 
number  of  the  table  for  another  year  by  the  corresponding  number 
of  the  table  for  1913.  There  results,  for  each  wave  length,  a  series 
of  values.  Having  adjusted  the  values  so  that  smooth  curves  to 
represent  them  would  give  zero  departures  at  the  center  of  the  sun's 
disk,  the  actual  values,  starting  near  unity  at  the  center  of  the 
sun's  disk,  run  to  numbers  slightly  smaller  or  larger  than  unity  as  we 
approach  the  edge  of  the  disk,  according  as  the  distribution  in  the 
given  year  shows  a  greater  or  a  less  contrast  of  brightness  between 
the  center  and  the  edge  than  that  which  prevailed  irf  the  standard 
year  1913. 

In  the  following  table  (6)  are  given  the  results  of  such  comparisons 
for  the  years  1907  and  1914.    It  was  necessary  to  reduce  the  observa- 
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tions  of  1907  to  the  wave  lengths  employed  in  1913  and  1914-  This 
was  accomplished  by  plotting  the  tabular  values  on  a  very  large  scale 
and  interpolating  for  the  proper  wave  length.  The  67  observations 
of  1914  which  are  here  represented  were  obtained  between  June  12 
and  October  5.    Other  observations  of  1914  are  not  as  yet  reduced. 

Table  6. — Comparison  of  distribution  values  of  other  years  with  results  of  igis 

Distance  from  center  as  fraction  of  radius 
Year    ,^Vavc  _  __ 

lengtli  I 

0.00         0.20    I    0.40         0.53        0.65    '    0.75       o  82s      0.875       0.92        0.95 


X907 

O.4J65 

I  0033 

0.9996 

0.9966   0 

599^  0 

.9992  0 

.9981 

0.9967 

0.9929  0 

•9903  0 

;^ 

lyr,7 

0 . 506 J 

I  .<X)i7 

•9991 

.9970 

9978 

.9968 

•9930 

•9936 

.9920 

•9926 

19^'/ 
1907 

f>-5955 
0.6702 

I.OOjS 
I  .OOlf< 

•9997 
99«9 

.9976 
.9958 

.9971 
995.1 

.9956 
.9938 

99J« 
.9916 

.9019 
.9892 

.9898 

.900a 
•9B37 

•9909 
$840 

Ujfjy 

o.85«o 

I.CirxX) 

I .0000 

.9978  1 

9956 

.9946 

.9930 

.9922 

•9904 

.9B65 

.4809 

1907 

Mean 

.9.^ 

I  .O-JIO 

I .0012 
0-9997 

•9991  . 
0.9973   0 

.9986 

•9990 

99«> 

.9962 

.9936 

•9933 

•!)9o6 

9973  0 

.9965  0 

•9943 

0.9950 

0.9934  0 

.9894  0 

.9B78 

1914 

0.3737 

I .0005 

0.9990 

0.9983  i  0 

9977  0 

.5963  0 

•9957 

0.9939 

0.9955  0 

.99«  0 

•9926 

J9'4 

0 .  j,2h^ 

•999« 

1.0002 

•9S^7 

99»5 

.9983 

9973 

.9962 

•9966 

.9946 

•9939 

1914 

0  ■  5  /j-r 

I  .ry)02 

•9996 

•99«M  1 

9990 

.9984 

■9973 

.9972 

.9976 

•9964 

.9956 

I9'4 

O0055 

I  .(lOOO 

1. 0000 

•9997 

9995 

•999^ 

.9987 

•9978 

•9977 

•9966 

-997S 

19:4 

o'>7o- 

I  .fjoo6 

.9999 

.9^91  1 

9988 

■99*^5 

•9977 

.9966 

.9968 

.9961 

.9970 

<y'4 

0.85^0 

■'Af^i 

•9998 

•9959 

f.989 

9983 

.9985 

.9981 

•9979 

•9975 

•9990 

1914 

I  .  i.»-jSO 

■')^/j7 

I  .(»X) 

•9999  1 

999<) 

.9997 

.0992 

•9990 

•9991 

•999^  I 

.0008 

-Mean      i.f>-x)i   \  0.9998  j  0.9993  ;  0.9988     0.9984     0.9978     0.9970       ^9975     0.9964     o.$)966 


The  results  just  i:^ivcn  are  indicated  graphically  in  figure  4.  Ordi- 
nates  are  ratios  of  the  mean  ordinates  of  drift  curves  for  1907  and 
19 1 4  compared  to  those  of  191 3  taken  as  standards.  Abscissae  are 
positions  alonc^:  tlie  solar  radius,  starting  from  zero  at  the  center  of 
the  clisk  and  running  to  i.OOO  at  the  limb. 

It  a])pcars  that  greater  contrast  prevailed  in  the  years  1907  and 
191 4  than  that  which  prevailed  at  sun-spot  minimum  in  1913 ;  because 
when  all  the  curves  are  reduced  to  equality  at  the  center  of  the  solar 
disk,  they  indicate  lower  values  at  the  limb  in  the  years  1907  and 
1914  than  in  1913.  The  differences  are  exceedingly  small,  although 
so  unmistakable.  Thus  the  average  departure  at  92  per  cent  on  the 
radius  is  but  i  i)er  cent  in  1907  and  but  0.36  per  cent  in  1914. 

We  have  considered  whether  these  differences  arc  due  to  experi- 
mental error,  but  three  considerations  seem  to  us  to  oppose  this  view. 
First,  no  significant  change  in  the  apparatus  or  methods  of  experi- 
ment occurred  between  1913  and  1914.  Second,  the  fluctuations  of 
contrast  from  day  to  day  are  correlated  with  fluctuations  of  the 
solar  constant  from  day  to  day,  as  will  appear  below  from  very 
numerous  cases  occurring  in  1913  and  1914.  This  being  so,  it  is 
reasonable  to  expect  also  a  fluctuation  of  contrast  from  year  to  year, 
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if  the  solar  radiation  fluctuates  from  year  to  year.  Greater  values 
of  solar  radiation  prevailed  in  1907 '  and  1914  than  those  prevailing 
in  1913.  Hence  it  is  not  surprising  to  find  that  the  contrast  of 
brightness  was  greater  in  both  the  years  1907  and  1914  than  it  was 


Fig.  4. — Variability  of  distribuiion  of  sun's  brightness  from  year  to  year 

in  the  year  1913.  Third,  there  seems  to  be  a  correlation  of  change 
of  contrast  with  change  of  wave  length.  This  relation  does  not 
appear  clearly  from  the  results  of  1907,  but  figure  4  shows  that  these 
results  are  subject  to  large  experimental  error  compared  with  the 

'This  statement  regarding  1907  is  based  on  the  dependence  between  solar- 
constant  values  and  sun-spot  numbers  indicated  by  fi)iure  16  of  Vol.  3  of  our 
Annals.    Few  solar-constant  determinations  were  made  in  1907. 
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results  of  1914.  A  slightly  different  weighting  of  two  discordant 
points  on  each  of  the  curves  for  wave  lengths  04265,  0.5062,  0.6702, 
and  i.oo8/t  in  the  curves  for  19C7  would  bring  them  all  (exceptii^ 
that  at  wave  length  o.SsSOfi)  into  harmony  with  the  conclusions 
about  to  be  stated.  Confining  attention  to  the  more  accurate  observa- 
tions of  1914,  the  change  of  contrast  is  greater  for  short  wave  lengths 
than  for  longer  ones,  in  the  proportions  indicated  by  the  following 
table  (7)  : 

Table  7. — Deviations  of  contrast  of  mean  results  of  1914  from  standard  form 
of  1913.     (Derived  from  mean  curves) 


Fiijure  5  shows  graphically  the  dependence  of  the  1914  departures 
of  contrast  on  the  wave  length.  The  evidence  of  future  years  will  be 
required  to  show  whether  the  irregularities  of  the  curves  of  figure  5 


Tic.  5.— Dependence  of  brightness  variability  on  wave  length 

are  accidental  or  solar,  but  of  the  reality  of  the  increase  of  departures 
attending  decrease  of  wave  length  there  seems  to  be  little  question. 

CHANGES  OF  DISTRIBUTION  FROM  DAY  TO  DAY 

We  now  pass  to  a  consideration  of  changes  of  contrast  from  day 

to  day.    Still  using  the  mean  distribution  of  1913  as  a  standard,  we 

took  logarithms  of  the  values  and  subtracted  these  from  the  corre- 
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sponding  logarithms  for  the  individual  days.  We  then  plotted  the 
resulting  logarithms  as  ordinates,  and  the  positions  on  the  solar  disk 
radius  as  abscissae.  In  this  way  we  obtained  for  each  day  of  observa- 
tion seven  plots,  or  pairs  of  plots,  in  which  the  slant  of  the  representa- 
tive lines  indicated  the  departure  from  the  standard  mean  condition  of 
solar  contrast,  at  seven  different  wave  lengths.  In  the  1913  reduc- 
tions we  combined  the  pairs  of  check  values  before  plotting,  but  kept 
them  separate  in  the  1914  reductions. 

Figure  6  shows  the  results  of  two  days  of  comparison  which  are 
typical  of  the  two  different  classes  of  results  obtained  on  the  various 
days.  On  September  22,  1913,  the  curves  run  generally  upward, 
indicating  a  less  contrast  than  the  mean,  while  on  October  20,  191 3, 
the  lines  run  generally  downward,  indicating  a  greater  contrast  than 
the  mean.  Some  curves  on  each  day,  to  be  sure,  run  counter  to  the 
general  trend  of  the  day,  but  these  divergences  are  reasonably  to  be 
regarded  as  often  due  to  accidental  error.  A  change  of  atmospheric 
transparency  of  i  per  cent  during  the  single  minute  of  time  at  which 
the  central  part  of  the  sun's  disk  is  crossing  the  slit  of  the  spectro- 
scope would  account  for  the  divergences  shown  by  wave  lengths 
0.6702  and  1.008  fi  on  September  22.  Still  more  probably  the  dis- 
crepancy may  be  accounted  for  by  a  temporary  shift  of  less  than  a 
millimeter  in  the  zero  of  the  bolometric  curve  either  at  the  beginning, 
middle,  or  end  of  the  runs. 

We  desired  to  obtain  for  each  day's  observation  a  single  value 
which  would  be  typical  of  each  day's  departure  of  contrast  from  the 
general  mean.  While  logarithmic  curves  of  departures  are  not  always 
smooth,  and  while  there  is  no  physical  reason  on  which  to  base  a 
prediction  of  the  form  which  they  ought  to  assume,  still  in  general 
the  curves  are  tolerably  represented  by  straight  lines.  We  have 
regarded  the  inclination  of  the  best  representative  line  for  each 
logarithmic  plot  as  a  fair  indication  of  the  departure  of  contrast  for 
that  day  and  that  wave  length.  There  are  seven  wave  lengths 
observed  on  each  day  of  observation,  and  we  might  have  taken  the 
simple  mean  value  of  the  tangents  of  the  inclination  of  the  logarithmic 
lines  as  the  index  of  the  departure  for  the  given  day.  But  it  appeared 
that  the  departures  were  greater,  the  smaller  the  wave  lengths,  so 
much  so  that  the  simple  mean  would  give  entirely  too  much  weight 
to  the  shortest  wave  length  of  observation.  Accordingly,  a  system  of 
weights  has  been  determined  by  comparing  the  magnitudes  of  the 
departures  at  the  different  wave  lengths.  The  numbers  for  191 3 
and  1914  were  obtained  independently  from  the  data  for  those  two 
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years,  and  they  differ  somewhat  from  each  other/  The  weights  f( 
the  two  years  were  not  smoothed  by  wave  lengths.  They  are  '< 
follows : 

Table  8. — Adopted  weights 


Wave  lencth 

0-1717          o.A26< 

0.5062 

loi t  valnea  •• 

0.33 

0.42 

0.79 
0.59 

0.62 

IOTA  valticfl  ..•.......«• 

0.5955 

0.6702 

0.8580 

1.008a 

1 
i 
1. 00 

1. 00 

1.32 

0.63 

1.47 
1. 00 

2.17 
1.67 

For  the  purpose  in  view,  the  differences  between  the  two  sets  c 
weights  are  of  little  significance.  The  numbers  are,  on  the  whol 
very  like  those  which  might  be  derived  from  figure  5. 

We  have  made  two  different  reductions  of  the  data.  In  one,  w 
multiplied  the  tangents  for  each  day  by  the  appropriate  multipli< 
taken  from  the  preceding  table,  and  having  taken  the  mean  of  t\ 
weighted  tangents,  we  thus  obtained  for  the  given  day  a  value  repr< 
senting  the  average  weighted  departure  from  the  standard  conditio 
of  distribution,  as  determined  by  observations  at  seven  different  wa^ 
lengths.  In  another  reduction,  we  omitted  the  wave  lengths  0.37J 
and  1.008 /A  and  took  the  simple  mean  of  the  tangents  for  the  oth< 
wave  lengths.  We  omitted  these  two  wave  lengths  in  consideratic 
of  the  fact  that  the  accidental  error  at  0.3737/1  is  unduly  large,  owin 
to  the  smallness  of  galvanometer  deflections  there ;  and  also  that  iY 
changes  of  contrast  at  wave  length  at  i. 008/1  are  relatively  sma 
compared  with  the  accidental  error  there. 

The  following  tables  (9  and  10)  give  the  solar-constant  and  sola: 
contrast  numbers  for  the  years  1913  and  1914.  The  values  give 
must  be  regarded  as  preliminary  and  subject  to  minor  changes  befoi 
final  publication. 

As  so  much  depends  upon  the  values  for  1913,  a  great  deal  c 
attention  has  been  paid  to  the  remarkable  decrease  of  the  sola 
constant  values  which  occurred  on  and  after  September  24,  191 
Not  only  did  the  solar-constant  values  fall  off  at  this  time,  but  ali 
a  change  in  the  contrast  values  occurred.  If  we  divide  all  the  da] 
in  which  solar-contrast  values  were  obtained  in  191 3  into  two  group 


*It  may  be  significant  in  view  of  what  follows  to  note  that  the  weigh 
obtained  for  1913  depended  on  the  relative  amounts  of  the  deviations  of  ind 
vidisal  wave  lengths  on  different  days,  while  the  weights  obtained  for  19: 
depended  rather  on  the  relative  deviations  for  these  wave  lengths  found  fro 
the  year  as  a  whole,  compared  to  1913  as  a  whole. 
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Table  io. — Observations  of  the  year  JQI4 


• 
Solmr 

Solar  Contrast 

1 

• 

Date 

Con- 

Grade 

Omitting 

■ 

stant 

All  Xs 

Grade 

X=  -3737M 

Grade 

1 
1 

1 

Xa=i.oo8  /I 

June  la 

1-977 

G+ 

13 

1-943 

E- 

"ll'IJ' 

G 

..^.... 

G- 

14 

1-944 

E- 

-  5a 

G-f 

-65 

G+ 

\i 

1:^ 

E+ 
E 

-  13 

—  ai 

Vg 

y«- 

-  73 

—  40 

G+ 
G+ 

19 

1. 916 

y* 

-  34 

(] 

-  43 

S+ 

ao 

I  954 

E 

-  38 

G 

-  54 

G- 

21 

1. 918 

E 

-  40 

E- 

-  57 

Vg+ 

22 

I -975 

E- 

-  16 

Vg_ 

-  37 

Vg- 

»3 

1-943 

E+ 

+    a 

Vg- 

-  27 

Vg 

H 

1.936 

Vfif 

-38 

G+ 

-  3a 

G+ 

25 

1-958 

y« 

+  17 

Vg- 

-f    8 

Vg 

a6 

1.966 

E 

-     7 

(. 

—  ai 

G 

30 

1.981 

yg+ 

=  J 

Vg- 

-  17 

G+ 

July     I 

1-973 

E 

G+ 

-  55 

G+ 

2 

1-947 

E- 

-  37 

G- 

-  65 

G- 

\l 

1.932 

E 

-  13 

Vg- 

-  34 

G+ 

1. 901 

£ 

-  U 

G+ 

-83 

G+ 

19 

I -951 

Vg+ 

-  64 

G+ 

-  34 

G+ 

ao 

1.949 

Vg- 

-  39 

Xk- 

-47 

Vg- 

31 

1.968 

E 

-  60 

G 

-  87 

G 

22 

1.950 

E+ 

-  55 

X« 

—  33 

Vg 

23 

a. 004 

Vr4- 

-  41 

G+ 

-  36 

G+ 

a6 

'•934 

Vg+  + 

—  II 

G+ 

—  24 

G 

'•"•3 

1.9^ 

E- 

-  25 

G+ 

0 

G 

1.968 

Vk+ 

-  39 

Vg+ 

-  66 

Vg+ 

^ 

1. 921 

Vg 

—  59 

G+ 

-  82 

G+ 

a 

30 

a.031 

^  Disturbed 

-  46 

x« 

-  46 

Vg 

a 

Aug.     I 

a.o6a 

weather 

-  56 

G 

—  45 

G 

a 

2 

1.966 

Sky  streaked 

+    3 

Vg- 

+    6 

G+ 

a 

P.  M.      5 

'  ?:^ 

J     with  cirri 

—  ao 

G 

—  12 

G 

7 

y«^ 

-  56 

G 

~  30 

G 

a 

8 

.945 

1^  Exceptional 
)     humidity 

+    6 

G 

+  13 

G^ 

9 

1.987 

E- 

"  ^ 

Xk 

—  49 

X« 

10 

1.949 

E 

-  8^ 

G  + 

—  104 

G+ 

IX 

1. 087 

E+ 

-  27 

Vg- 

-   2« 

Vg 

12 

1.96a 

E- 

-  38 

G- 

—  70 

P 

14 

1. 952 

Vg+ 

-  49 

P 

-  79 

P 

;g 

X.923 

E- 

-  80 

Vg 

-  63 

Vg- 

1-937 

y« 

-  23 

r+ 

-  34 

P+ 

19 

1-935 

E- 

-  43 

G- 

-  76 

G- 

ao 

1-969 

(] 

-  32 

G- 

-  56 

G- 

21 

1.947 

E+ 

-  34 

G 

-  59 

G 

22 

1.942 

E 

-  40 

i'K 

-  73 

Vg 

^ 

1.975 

E+ 

-  43 

G- 

-  n 

P+ 

^ 

1.926 
1.934 

G- 
£ 

-  59 

--  yj 

G- 
G 

-t 

G- 
G 

% 

1. 951 

Vg+ 

—  27 

G- 

-  26 

G 

1.940 

E 

-  38 

G 

-118 

G 

a 

^9 

1.779 

^  Disturbed 
weather 

-  27 

G- 

-  48 

G- 

a 

30 

\% 

Sky  streaked 

a 

3« 

J     with  cirri 

-130 

G- 

—  133 

G- 

Sept.     I 

2 

\u 

E 
E 

-106 
-  63 

Vg- 
G+ 

-■^ 

cXi- 

3 

1.942 

E 

-107 

Vg 

—  121 

Vg- 

4 

1-949 

E+ 

-  86 

G 

-108 

G-4- 

6 

1.921 

E+ 

-  82 

G 

-109 

P+ 

7 

1*944 

G+ 

-  81 

c; 

-109 

G 

8 

1.958 

l-r 

-  53 

G- 

-  93 

G- 

9 

* 

9 

1.93a 

y« 

-109 

G 

-»74 

G 

a 

10 

1-954 

E- 

-  87 

P 

-119 

P+ 

II 

1.946 

Vg 

—  18 

G- 

:.|^ 

G- 

IJ 

1-936 

Y« 

-  44 

G 

G 

13 

i.9aa 

E+ 

-  22 

G 

-  53 

G 

14 

1.954 

E 

-  58 

Vg 

-  69 

Vg 

15 

I  965 

E- 

-  34 

G+ 

-  46 

G 

16 

1.951 

E+ 

-    53 

G- 

-  73 

G- 

? 

19 

1.921 

\  Exceptional 
\     humidity 

-   18 

Vg 

-  36 

Vg- 

ai 

\t, 

E 
L 

-  19 

-  62         ; 

Vg- 
u-r 

-  65 

-  90 

y« 

G-h 

i6 
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Table  Kk-^bserpoHons  of  the  year  1914  (Gmtmiied) 


Date 


Solar 

Con- 

sunt 


Grade 


Sept.  22 


Solar  Coatraat 


AUXa 


% 


Oct.  2 
4 
9 
10 
II 
12 
13 
14 

!l 

18 

»9 
20 


915 

y«+ 

985 

£ 

941 

E+ 

996 

G- 

939 

|(?) 

$> 

G 

940 

E 

951 

Y«+ 

946 

E+ 

933 

Vf 

973 

X«+ 

946 

y« 

960 

E- 

949 

E 

955 

E+ 

Onitting 


Grade 


38 


-  a4 


G 
G+ 

g" 


prior  to  and  succeeding  September  23,  respectively,  we  find  as  fol- 
lows: 

Table  ii. — Comparison  of  results  before  and  after  Sept.  23,  igxs 


'        Solmr-constant  numbers 

Solar-coBtrstt  nnoibera 

Observation  Period 

Above  1.89s  cal..  Below  1.895  cal. 

1                                                       , 

Positive 

10 

15 

NcntWc 

Sept.  9  to  Sept.  22 II                     0 

Sept.  24  to  Nov.  9 8                   24 

1 

.      I 
17 

Not  only  was  this  date  critical  with  regard  to  solar-contrast  and 
solar-constant  values,  but  a  marked  change  in  the  distribution  and 
total  amount  of  the  water  vapor  in  the  atmosphere  took  place.  The 
values  of  precipitable  water  in  the  atmosphere  determined  by  Fowle's 
method  were  far  above  the  normal  until  September  23,  and  from  then 
to  the  end  of  the  period  of  observation  generally  about  normal  or  a 
little  below.  A  similar  change  is  indicated,  but  not  in  so  great  a 
degree,  by  the  observations  with  the  wet  and  dry  thermometers.  The 
temperature  also  fell  at  the  same  critical  time.  These  changes  are 
shown  by  the  following  table  (12)  : 

Table  12. — Mean  Mt.  Wilson  precipitable  water,  pressure  of  aqueous  M#or 
and  dry  bulb  temperatures  during  observing  periods 


Observation  Period 

Precipitable 
Water 

Pressure  Aqueous 
Vapor 

Tempcraturaa 

Sept.  0  to  Sept.  22 

mm 

10.5 
5.2 
5.2 

5.0 

1 

mm 
5.52 
3.52 
3.22 

4.30 

c 

23 -o 

13.6 

15.4 
17.I 

Sept.  24  to  Oct.  7 

Oct.  8  to  Oct  21 

Oct.  21  to  Nov.  0 

NO.    5  SOLAR  VARIABILITY — ABBOT,   FOWLE,   ALDRICH  1 7 

It  IS  to  be  regretted  that  at  this  very  time,  when  all  these  changes 
were  occurring,  we  made  a  radical  change  in  the  observing  appara- 
tus, for  on  September  23  we  substituted  for  the  bolometer  which 
had  been  in  use  on  Mt.  Wilson  since  1905  the  bolometer  which 
was  employed  in  the  Mt.  Whitney  and  Algerian  expeditions.  We 
made  this  change  because  the  Algerian  bolometer  was  less  subject  to 
prejudicial  influence  from  wind.  But  had  we  known  how  many  other 
changes  were  occurring  at  the  same  time,  it  is  certain  that  we  would 
not  have  made  a  change  of  apparatus  too.  We  have  thought  it 
necessary,  on  account  of  this,  to  investigate  very  thoroughly  the 
merit  of  the  solar-constant  determinations  succeeding  September  23, 
and  we  find  the  following  facts  to  verify  their  accuracy. 

First,  empirical  determinations  of  the  solar  constant  from  pyr- 
heliometry  and  psychrometry  at  Arequipa  in  Peru  *  indicate  that  the 
values  subsequent  to  September  23  were  lower  than  those  prior  to 
that  date,  and  by  about  the  same  amount  as  do  the  Mt.  Wilson 
observations.  Second,  we  have  determined  an  empirical  formula  for 
the  solar  constant  from  Mt.  Wilson  pyrheliometry  and  psychrometry.- 
This  formula  has  been  worked  out  solely  by  the  use  of  observations 
of  1910,  191 1,  and  1912,  and  does  not  depend  in  any  way  on  bolo- 
metric  observations  of  1913,  except  that  we  chose  days  of  the  earlier 
years  for  which  the  precipitable  water  had  values  comparable  with 
those  of  191 3.  This  formula  gives  the  same  change  in  solar-constant 
values  at  about  September  23  that  is  indicated  by  the  bolometric  work 
itself.  Third,  we  felt  a  suspicion  that  the  determinations  of  the 
water-vapor  absorption  in  the  holographic  work  might  be  interfered 
with  by  some  change  in  the  excellence  of  the  definition  of  the  spectro- 
scope. Instead  of  employing  with  the  usual  constants  Mr.  Fowle's 
method  of  determining  these  absorption  effects  in  the  holographs, 
from  measurements  on  the  band  pary  the  areas  of  the  absorption 
bands  were  actually  measured  on  many  plates,  just  as  we  did  formerly 
in  all  our  holographic  reductions,  and  we  thus  determined  new  con- 
stants applicable  to  the  last  part  of  191 3.  But  no  substantial  change 
occurred  in  our  conclusion  regarding  the  fall  of  the  solar-constant 
values  on  and  after  September  24. 

We  therefore  see  no  reason  to  doubt  that  the  days  from  September 
9  to  the  end  of  1913  are  as  homogeneous  as  any  other  series  of  our 
measurements,  and  we  believe  that  the  great  drop  of  the  solar- 
constant  which  is  indicated  to  have  occurred  just  after  September  23 
is  a  real  one. 


*  Sec  "  Arequipa  Pyrheliometry/*  Smith.  Misc.  Coll.,  Vol.  65,  No.  g. 
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—Variability  of  the  sun  in  the  years  1913  and  1914.    Cirdei  repn 
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•okr-cootunt  Tslnei.    Crojsei  represent  daily  solar-contrast  numbers 
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Figures  7,  8,  and  9  show  the  scdar-^otistant  vahict  and  Iht  Ml>r^ 
contrast  values  of  1913  and  1914  plotted  as  functions  of  the  time 
and  also  as  functions  of  each  other.    From  figures  8  and  9  dw 


of  lolar  constant  and  solar  rontrut  in  1913* 


Fic.  t). — Variations  of  solar  constant  and  solar  contratt  in  1914* 

increase  of  the  solar-constant  values  by  i  per  cent  corresponds  to 
an  increase  of  solar-contrast  values  of  1913  and  1914  as  follows: 
CbiBfe  of 
Chann  sf         Solar-t^tnH 
Year       SoUr  CauUDI  Nnmbcr 

1913:  +1  per  cent  :  +17 
1914:  +1  per  cent  :  +29 

'  Circles  represent  simfde  mean  contrast  numbers,  oinittiRg  wmve  '*"i'fc« 
0.3737  and  1.006/'.  Crosses  represent  weighted  means  of  all  wave  IcoglltB. 
Arrows  indicate  that  a  certain  probability  exists  that  the  points  marked  dMinId 
be  moved  in  the  direction  shown. 
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The  factors  of  correlation  (omitting  A =0.3737  ^"^  1.008)  are  as 
follows: 

1913:  r=o.6oi  ±0.067 
1914:  r=o.2i3 ±0.080 

The  reader  will  recall  that  the  method  of  deriving  these  contrast 
values  IS  such  that  algebraically  increased  contrast  numbers  corre- 
spond really  with  decreased  solar  contrast. 

Let  us  now  restate  these  logarithmic  results  in  ordinary  terms. 
Imagine  that  the  spectroscope  was  dispensed  with,  and  that  the  con- 
trast of  brightness  was  determined  for  the  solar  radiation  as  a  whole, 
and  not  for  particular  wave  lengths.  Let  us  further  suppose  that  all 
the  drift  curves  so  obtained  during  191 3  and  1914  were  reduced  to 
unit  intensity  at  the  center  of  the  solar  disk.  We  should  then  find, 
still  confining  ourselves  to  a  consideration  of  the  short-period  varia- 
tions, that  in  1913  an  increase  of  i  per  cent  in  the  solar  constant  of 
radiation  corresponds  with  a  decrease  of  the  ordinate  of  the  drift 
curve  at  92  per  cent  out  on  the  radius  of  0.35  per  cent. 

The  results  of  1914  indicate  a  larger  ratio  of  change  of  contrast 
compared  to  change  of  solar  constant  than  those  of  191 3.  This  may 
be  possibly  a  real  diflference  caused  in  the  sun,  but  it  should  be  noted 
that  the  range  of  variation  in  1914  was  so  small  that  the  error  of 
the  determination  of  this  ratio  is  much  larger  than  it  was  in  1913. 
It  is  probable  that  the  numerous  values  which  will  be  found  from 
observations  of  1915  will  enable  us  to  give  a  more  satisfactory  con- 
clusion on  this  point. 

We  now  come  to  the  consideration  of  the  question  why  the  ratio 
of  change  of  contrast  from  year  to  year  with  respect  to  change  of 
solar  constant  differs  in  its  sign  from  the  ratio  of  change  of  contrast 
from  day  to  day  with  reference  to  the  corresponding  change  in  the 
solar  constant.  As  stated  above  in  years  when  the  solar  constant  was 
high  the  solar  contrast  was  greater  than  usual,  while,  as  just  stated, 
during  1913  and  1914  short-period  temporary  increases  of. the  solar 
constant  of  radiation  were  attended  by  decrease  in  the  solar  contrast. 
This  indicates  two  causes  at  work  in  the  sun.  We  are  inclined  to 
suggest  the  following  hypothesis. 

Attending  the  long-period  changes  of  solar  activity  indicated  by 
prevalence  of  sun  spots,  faculae,  prominences,  etc.,  there  is,  it  may  be 
assumed,  a  change  of  the  effective  solar  radiating  temperature. 
Higher  cflfective  radiating  temperatures  should  prevail  at  times  when 
increased  solar  activity  brings  faster  the  hot  material  to  the  surface 
to  radiate.    It  is  clear  that  if  the  solar  temperature  was  zero,  the 
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contrast  of  brightness  would  be  zero,  and  the  higher  the  temperature, 
the  higher  the  contrast  and  the  higher  the  solar  constant  of  radiation. 

Turning  now  to  a  consideration  of  the  short-period  changes,  it  was 
the  older  view  that  the  difference  of  brightness  between  the  center 
and  the  edge  of  the  solar  disk  was  produced  by  an  absorbing  atmos- 
phere or  envelope.  We  prefer,  however,  to  regard  the  decrease  of 
brightness  toward  the  edge  of  the  sun  as  mainly  a  consequence  of 
decreased  effective  temperature  of  the  radiating  surface.  We  sup- 
pose that  the  depth  to  which  one  looks  at  the  center  of  the  solar  disk 
is  very  considerable,  and  that  the  limit  of  it  is  reached  when  the 
molecular  scattering  cuts  off  the  ray.  The  same  quantity  of  mole- 
cular scattering  will  be  found  in  a  very  much  less  radial  depth  near 
the  edge  of  the  sun,  because  the  line  of  sight  there  is  oblique,  so  that  a 
comparatively  thin  layer  viewed  obliquely  wmU  furnish  the  necessary 
number  of  molecules  to  cut  off  the  radiation. 

I  kit  while  holding  these  views,  we  admit  that  the  escape  of  radia- 
tion depends  also  on  the  transparency  of  the  outer  solar  envelo|)e. 
I  f  now  the  transparency  of  this  envelope  increases,  the  solar  constant 
of  radiation  must  increase  also;  but  the  percentage  increase  of  the 
intensity  of  solar  rays  will  be  greatest  near  the  edge  of  the  sun,  where 
the  path  in  these  imperfectly  transparent  layers  is  longest.  Thus  it 
would  happen  that  increased  transparency  of  the  outer  solar  layers 
would  produce  at  the  same  time  increased  values  of  the  solar  constant 
of  radiation  and  decreased  contrast  of  brightness  between  the  center 
and  cdirc  of  the  sun. 

The  two  contrary  effects  we  have  been  discussing  may  sometimes 
neutralize  each  other,  but  it  is  not  to  be  expected  that  they  will  exactly 
neutralize  each  other  for  all  wave  lengths.  Hence,  we  may  find, 
with  very  hii,di  values  of  the  solar  constant  of  radiation,  a  contrast 
almost  exactly,  on  the  whole,  equal  to  that  which  prevailed  in  the 
mean  in  the  year  191 3,  but  the  different  wave  lengths  may  differ 
slic^htly  in  their  behavior,  some  indicating  a  greater  contrast  than 
the  mean  of  1913,  others  less. 

Tn  our  former  jmblications  on  this  subject  (see  \'ols.  2  and  3  of  the 
Annals)  we  have  already  considered  the  possibility  of  short-p)eriod 
irregular  lluctuations  of  contrast  and  arrived  at  opposite  conclusions 
from  the  two  sets  of  data  then  published.  Both  sets  of  data,  however, 
are  so  far  inferior  in  accuracy  to  those  we  are  now  publishing  that 
we  withdraw  altogether  those  former  conclusions  in  favor  of  the 
ones  which  we  now  advance. 
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SUMMARY 

We  have  repeated  at  Mt.  Wilson,  in  1913  and  1914,  with  improved 
apparatus,  the  determinations  of  the  distribution  of  brightness  along 
the  solar  diameter  described  in  Vols.  2  and  3  of  the  Annals  of  the 
Astrophysical  Observatory.  More  than  40  days'  determinations  were 
secured  in  191 3  and  more  than  80  in  191 4. 

The  results  agree  closely  with  those  obtained  at  Washington  in 
1907  for  all  wave  lengths  for  which  a  comparison  is  possible. 

There  are,  however,  slight  but  significant  differences  between  the 
mean  results  of  different  years.  Taking  191 3  as  the  standard  year, 
greater  contrast  of  brightness  between  the  sun's  center  and  edge  was 
found  in  1907  and  1914  than  in  191 3.  We  incline  to  connect  these 
changes  with  solar  activity,  greater  contrast  prevailing  along  with 
greater  solar  radiation  at  times  of  high  solar  activity. 

Besides  these  long-period  changes  there  appear  to  be  small  changes 
of  contrast  from  day  to  day,  correlated  with  the  changes  of  the  solar 
radiation  heretofore  discovered  by  us.  For  this  type  of  changes 
increased  contrast  is  associated  with  decreased  solar  radiation. 

We  are  thus  led  to  consider  two  causes  of  change  existing  in  the 
sun.  One,  going  with  increased  solar  activity,  we  regard  to  be  in- 
creased effective  solar  temperature,  which  naturally  produces  in- 
creased radiation  and  increased  contrast.  The  other,  altering  from 
day  to  day,  we  regard  to  be  increased  transparency  of  the  outer  solar 
envelopes,  which  naturally  produces  increased  radiation  but  decreased 
contrast. 

All  these  changes  are  greater  for  shorter  wave  lengths. 

APPENDIX 

A  correction. — In  a  recent  letter  to  Mr.  Abbot,  Professor  F.  H. 
Bigelow  has  called  attention  to  the  misrepresentation  of  his  views  in 
foot-note  I  on  page  28  of  our  paper  **  Xew  Evidence  on  the  Intensity 
of  Solar  Radiation  Outside  the  Atmosphere."  *  Professor  FHgelow 
states  that  he  has  carefully  avoided  using  Wien's  displacement  law  as 
the  basis  of  an  estimate  of  the  solar  temperature.  He  has  used  in- 
stead a  consideration  of  the  general  form  of  the  solar  spectrum 
energy  curve. 

We  regret  having  made  this  error.  The  note  as  it  now  stands 
seems  to  us  to  rei)resent  fairly  the  position  of  Mr.  F.  W.  \'ery.'  In 
order  to  adapt  it  to  Professor  Bigelow's  position  we  should  require 
to  make  the  following  changes : 
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In  lines  4  and  5  of  oor  note  strike  out  tlie  woids  "  tfacj  detouiiue 
the  wave  length  of  maytnuim  energy,  and  from  it" 

In  line  16  strike  oat  the  words  "posidoa  of  the  mi¥iimnn  of 
energy  "  and  substitute  the  words  **  form  of  the  solar  cncigy  cnnre 
outside  the  atmosphere." 

In  lines  26  and  27  strike  out  the  words  "position  of  mnrinwm 
energy  in  its  spectrum,'*  and  substitute  the  words  "  form  of  its  energy 
spectrum  distribution." 

Strike  out  lines  32  to  41,  inclusive. 

As  thus  modified  the  main  thesis  of  our  note  is  as  foOows:  Esti- 
mates of  the  solar  constant  of  radiation  based  on  ^■>««*afp^  of  the 
solar  temperature  involve :  ( i )  The  extrapolation  of  radiatioa  laws 
thousands  of  degrees  beyond  the  temperature  to  whidi  Atcy  have 
been  experimentally  verified ;  (2)  the  assumption  that  the  son  radi- 
ates like  a  *'  black  body  "  in  the  face  of  experimental  evidence  Aat 
it  does  not ;  (3)  dependence  on  the  accuracy  of  the  determination  of 
the  form  of  the  solar-spectrum  energy  curve  outside  our  atmosphere, 
which  is  a  result  of  difficult  and  uncertain  investigation.  In  diort 
such  estimates  are  not  determinations  of  the  solar  constant,  but  are 
merely  elaborate  tissues  of  speculation.  On  the  other  hand  we  base 
our  determination  on  sound  and  simple  theory  checked  and  verified 
at  every  point  and  applied  nearly  a  thousand  times  under  the  most 
diverse  circumstances,  with  closely  agreeing  results. 

^  New  I^videiice  on  the  Intensity  of  Solar  Radiation  Outside  the  Atmofphere. 
By  C.  (I  AhUA,  F.  E.  Fowle,  and  L.  B.  Aldrich.    Smith.  Misc  ColL,  VoL  65, 

No.  4.  June  19,  1915. 
*  Am.  Jour.  Soi .  4th  Ser.,  Vol.  36,  609,  191.^. 
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PHONETIC  TRANSCRIPTION  OF  INDIAN  LANGUAGES 

REPORT  OF  COMMITTEE  OF  AMERICAN  ANTHROPOLOGICAL 

ASSOCIATION 

The  following  report  is  based  on  several  meetings  held  in  New 
York  in  January,  1913,  April  and  May,  1914,  and  January,  1915,  by  a 
quorum  of  the  committee  of  the  American  Anthropological  Associa- 
tion, charged  with  the  drawing  up  of  a  phonetic  system  for  tran- 
scribing Indian  languages,  consisting  of  F.  Boas,  Chairman,  P.  E. 
Goddard,  and  E.  Sapir,  Secretary,  further  on  correspondence  with 
the  remaining  member  of  the  committee,  A.  L.  Kroeber. 

GENERAL  PRINCIPLES 

It  is  essential  that  each  simple  sound  be  consistently  represented 
by  the  same  symbol. 

These  symbols,  as  far  as  possible,  should  be  those  associated  in 
past  use  with  sounds  similar  to  the  ones  they  are  chosen  to  represent. 

For  the  sake  of  appearance  and  to  avoid  distracting  the  attention 
of  the  reader,  mixture  of  fonts  and  unusual  characters  should  be 
avoided  tmless  indispensable. 

In  texts  accompanied  by  interlinear  translations  all  characters  and 
marks  of  punctuation  not  strictly  phonetic,  such  as  capitals,  commas, 
and  periods,  should  be  eliminated  excepting,  however,  symbols  intro- 
duced for  facilitating  grammatical  analysis. 

In  order  to  reduce  the  cost  of  publishing  texts,  only  such  diacritical 
marks  and  accents  as  are  essential  for  adequate  transcription  should 
be  employed. 

Where  a  uniform  and  fairly  adequate  system  has  already  been 
employed  in  the  recording  of  a  particular  language,  it  will  usually  be 
best  to  continue  its  use  in  further  work  with  that  language  to  facili- 
tate comparisons  and  to  avoid  confusion.  For  purposes  necessitating 
the  comparison  of  different  languages  and  requiring  phonetic  accu- 
racy the  m6re  rigid  system  should  be  applied. 

The  committee  considers  that  the  needs  to  be  met  by  a  phonetic 
system  for  transcribing  American  languages  are  several.  For  the 
specialist  who  wishes  to  analyze  and  discuss  the  sounds  of  a  language 
a  very  considerable  number  of  symbols  and  a  variety  of  modifying 
accessories  in  the  form  of  diacritical  marks  and  accents  are  necessary. 
Smithsonian  Miscellaneous  Collections,  Vol.  66,  No.  6. 
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Skuth  an  rf^hnrat^  «ygf #>fn  jimwt^  tnn  r^fnplff^ffij  far  |tui|mti  y/fn  are 

less  thoroughly  trained  in  phonetics  and  fherefdre  le»  dtacriiniMiing 
in  their  perception  of  sounds.  For  the  reconliug  and  pfiuUug  of 
large  bodies  of  texts,  a  too  daborate  and  ^m^*i^  system  is  ^*|fc^i*i»» 
and  often  impracticable.  The  main  objects  to  be  ffrHred  in  m  luge 
series  of  texts  are  a  full  vocabulary  and  ample  iHuslialiuns  from 
which  the  range  in  the  meanings  of  words  and  phrases  can  be  deduced. 
It  is  not  necessary  that  words  recurring  many  times  in  audi  texts 
be  transcribed  each  time  by  symbols  indicating  all  their  jhonrtic 
features.  It  is,  however,  necessary  that  eadi  phonetic  unit  be  nn- 
mistakably  distinguished  from  all  others. 

The  committee  has  been  led,  therefore,  to  submit  a  comparatively 
simple  system  of  transcription  adapted  to  the  ordinary  pmpuaci  of 
recording  and  printing  texts.  To  provide  for  die  recording  and 
discussing  of  the  complex  and  varied  phonetic  phenomena  encoun- 
tered  in  American  linguistics,  a  fairly  detailed  and  comprAensive 
system  has  been  provided.  It  is  necessarily  of  such  character  that  it 
can  be  employed  only  by  a  specialist  in  phonetics.  By  its  aid  it  is 
to  be  hoped  that  the  phonetic  features  of  all  of  the  extant  North 
American  languages  may  be  discussed  and  compared. 

A.  RULES  FOR  THE  SIMPLER  SYSTEM 

I.   VOWELS 

I.  Quality. — It  is  important  that  each  vowel  having  a  distinct 
quality  or  timbre  be  represented  by  a  definite  character.  Since  die 
Latin  alphabet  has  only  five  vowel  characters,  it  will  usualfy  be 
necessary  to  supply  others.  For  a  full  system  of  voweb  flie  nse  of 
Greek  characters  is  recommended.  Since  these  are  not  always  avail- 
able and  present  other  difHculties  in  their  use,  Roman  characters  widi 
a  diacritical  mark  above  the  letter,  particularly  macron  (fl),  may  also 
be  utilized.    The  following  symbols  are  recommended : 

a,  as  in  ICnglish  father.  a,  as  in  English  but. 

a,  as  in  English  hat. 

e,  as  in  English  fate.  £,  as  in  English  met. 

i,  as  in  English  pique.  *   «,   as  in  English  pin. 

o,  as  in  English  note.  o,  approximately  as  in  English  not  (better 

in  German  voll). 

u,  as  in  English  rule.  v,  as  in  English  put. 

These  values  correspond  exactly  to  the  recommendations  of  B .( 
p.  9).     If  it  is  desired  to  avoid  Greek  characters,  0,  and  ^  die 
following  alternate  system  is  recommended : 


$ 
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a,  as  in  English  father.  i,  as  in  English  but, 

2,  as  in  English  hat, 

^  as  in  English  fate,  e,  as  in  English  met, 

i,  as  in  English  pique,  i,   as  in  English  pin. 

5,  as  in  English  note,  o,  as  in  English  not  (better  as  o  in  German  voll), 

^  as  in  English  rule,  u,  as  in  English  put. 

For  vowel  qualities  due  to  mixed  positions,  such  as  the  umlauted  o 
and  u  in  German,  two  dots  above  the  letter  are  recommended  (o). 

The* obscure  vowel,  found  for  instance  in  English  a  of  idea,  may  be 
rendered  by  ^  (turned  e). 

Vowels  of  any  timbre  as  determined  by  the  shape  of  the  mouth 
cavity  may  be  further  modified  by  the  addition  of  the  resonance 
chamber  of  the  nose.  Such  nasal  quality  in  vowels  (as  in  the  French 
nasalized  vowels)  may  be  indicated  by  adding  beneath  the  letter  a 
hook  turning  to  the  right  (q). 

It  is  to  be  understood  that  if  only  one  of  the  qualities  usually 
associated  with  a  roman  letter  occurs  in  the  language  in  question,  that 
letter  is  to  be  used  without  a  diacritical  mark  (similarly,  o  is  to  be 
used  instead  of  turned  c  (:>)  if  there  is  only  an  open  o  in  the  lan- 
guage). 

2.  Duration. — The  duration  or  quantity  of  vowel  sounds,  often  an 
essential  matter,  may  be  indicated  by  placing  a  mark  after  the  vowel. 
It  is  recommended  that  a  turned  period  (a  )  or  a  colon  (a :)  be  used 
for  vowels  long  in  duration,  and  a  breve  (a " )  for  those  unusually 
short.  It  is  important  that  these  marks  be  used  after  the  vowels  to 
avoid  confusion  between  duration  and  quality  or  timbre,  since  they  are 
not  necessarily  connected,  as  is  generally  assumed  to  be  the  case  in 
English. 

3.  Pitch. — In  certain  languages  vowel  sounds  are  distinguished 
from  each  other  by  definite  variations  in  pitch.  When  such  varia- 
tions of  pitch  are  essential,  the  acute  accent  over  the  vowel  (a)  should 
be  used  for  high  pitch,  and  grave  (a)  for  low  pitch,  the  circumflex 
(fi)  for  falling  pitch,  and  the  inverted  circumflex  (a)  for  rising  pitch. 
When  it  becomes  necessary  in  the  recording  of  a  language  to  use 
these  accents  to  represent  pitch,  similar  diacritical  marks  for  quality 
over  the  vowels  are  best  avoided. 

4.  Weak  vowels. — Vowels  which  are  of  full  duration  and  strength 
but  not  voiced,  such  as  whispered  vowels,  may  well  be  represented 
by  small  capitals.  When  vowels  are  slighted  in  the  force  of  enuncia- 
tion, but  are  voiced,  exponent  vowels  should  be  used  («;'). 

5.  Stress. — Where  variations  in  stress  are  prominent  they  may  be 
indicated  by  placing  the  acute  accent  ( '  )  after  the  vowel.    Secondary 
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accents  may  be  indicated  by  die  grave  aooeot  (  *  )•  It  should  be 
remembered  that  stress  accent  is  excq»tionaIIy  maiked  in  English 
and  that  it  is  less  pronounced  and  plays  a  less  inqiortant  rflle  in 
many  American  languages.  Unless  the  indication  of  Stress  is  neces- 
sary to  distinguish  one  word  from  another,  it  need  not  be  printed 
each  time  a  word  appears  in  texts. 

II.  CONSONANTS 

I.  Stops. — ^The  consonants  that  are  usually  known  as  stopSj^  those 
in  which  the  stream  of  breath  is  completely  checked  for  a  moment 
by  a  closure  of  the  mouth  passage,  are  classified  in  various  ways. 

Various  organs  or  parts  of  organs  are  employed :  both  lips,  die  tip 
of  the  tongue  against  the  teeth  or  palate,  the  back  of  the  tongue 
against  the  palate,  the  back  of  the  tongue  against  the  velum.  The 
sounds  resulting  from  the  release  of  the  contact  of  these  various 
mouth  parts  have  well-known  and  distinct  qualities,  such  as  the 
bilabial  sounds  of  p  and  b,  the  dental  sounds  of  t  and  d,  the  palatal 
sounds  of  ^  and  g,  and  the  velar  sounds,  not  found,  hQwever»  in 
English. 

Various  modifications  of  these  stops  uttered  in  the  four  positiont 
are  recognized,  and  may  be  grouped  in  definite  series.  If  the  vocal 
cords  are  not  closed  and  are  not  in  operation  during  the  uttering  of 
the  consonant,  it  is  known  as  a  surd.  If  the  vocal  cords  are  dosed 
and  vibrating  during  the  entire  time  occupied  in  articulating  the 
sound,  it  is  a  sonant.  In  many  Indian  languages  sounds  occur  that 
to  the  English  ear  appear  now  a  surd  and  now  a  sonant  These 
stops  are  called  intermediates,  and  should  be  consistently  represented 
by  definite  symbols.  Small  capitals  of  the  sonant  symbols  are  reoooH 
mended  for  these.  The  ordinary  b,  d,  g,  may  be  used  when  onfy  inter- 
mediate surds  and  not  sonants  occur.  Surd  consonants  are  frequently 
followed  by  a  strong  expiration  of  breath,  and  are  called  aspirated  in 
consequence.  Unaspirated  surds  are  usually  difiicult  to  distinguish 
from  intermediates. 

Many  Indian  languages  have  a  series  of  stopped  consonants  quite 
foreign  to  European  ears.  In  addition  to  and  during  the  usual  dosure 
of  the  mouth  characteristic  of  the  particular  sound,  there  is  a  closure 
of  the  glottis.  The  air  thus  confined  in  the  mouth  is  congiressed  and 
escapes  with  abruptness  when  the  stop  is  released.  These  glottafiied 
consonants  may  be  indicated  by  following  apostrophe  (P*). 

The  following  system  of  recording  the  stopped  consonants  is 
recommended : 
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Sonant 

Intermediate 

Surd 

Surd  aspirated 

Glottalized 

Bilabial 

b 

B 

P 

P 

P' 

Dental 

d 

D 

t 

f 

t' 

Palatal 

g 

G 

k 

k' 

k' 

Velar 


g 


qor  k 


q'  or  k' 


q'  or  k' 


Labialized  and  palatalized  palatals  and  velars  may  be  indicated 
respectively  by  adding  y  and  w  to  the  consonantal  characters.  Thus 
gy  represents  pal^^ized  g,  ky'  glottalized  palatalized  k,  and  qw 
labialized  velar  k. 

2.  Nasals. — Sounds  having  closures  at  the  same  points  and  involv- 
ing the  same  mouth  parts  may  be  uttered  with  the  passage  through 
the  nose  unimpeded.  They  may  be  continuously  sounded  through  the 
nose  or  only  released  through  the  nose  by  a  lowering  of  the  velum. 
The  follQwing  characters  will  ordinarily  be  found  to  be  adequate: 
bilabial,  m;  dental,  n;  palatal,  n;  velar,  n. 

3.  Spirants. — Consonants  of  another  sort  derive  their  chief  dis- 
tinctive qualities  frotn  the  agitation  of  the  mouth  parts  which  by  their 
approximation  at  certain  points  form  definite  strictures  in  the  mouth 
passage.  They  are  called  spirants  or  fricatives.  They  fall  generally 
into  the  same  classes  and  series  obtaining  for  stop  consonants.  When 
considered  as  to  the  organs  involved  in  their  production  they  are 
bilabial,  labio-dentals  (lower  lip  against  the  upper  teeth),  interdentals 
(tip  of  the  tongue  on  the  points  of  the  upper  teeth),  dental  sibilants 
(the  tip  of  the  tongue  just  back  of  the  upper  teeth),  palatal  sibilants 
(the  fore  part  of  the  tongue  with  its  tip  turned  down  approaching  the 
fore  part  of  the  palate),  palatals  (the  back  of  the  tongue  approaching 
the  palate),  velar  (the  back  of  the  tongue  approaching  the  velum). 

These  spirant  sounds  may  be  and  usually  are  both  surd  and  sonant 
for  each  position.  Less  frequently  they  are  glottally  affected.  The 
following  characters  are  recommended : 


\ 


Bilabial ' 

Labio-dental 

Interdental 

Dental  sibilant 

Prepalatal  sibilant 

Palatal 

Velar 


Sonant 

V 

z 

J 

7 
7 


Surd 

Glottalized 

f 

f 

e 

0' 

s 

s* 

c 

c* 

X 

X' 

X 

X' 

4.  Affricatives. — ^A  series  of  sounds  closely  related  to  the  spirants 
are  generally  called  affricatives.    Initially  they  are  like  stops,  except 


*  Both  forms  are  not  likely  to  occur  in  the  same  language  and  v  and  /  may 
be  used  for  either.    Proper  definition  should  be  given. 
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may  be  preceded  by  a  closure  forming  an  aff ricative  similar  to  the 
medial  affricatives.    The  symbols  recommended  are  the  following: 

Sonant  Surd  Glottalized 

Lateral  trill  1 

Lateral  spirant  i  or  l  ^  i*  or  l' 

Lateral  affricative         dl  tt  or  tL  tf  or  tL' 

8.  Glottal. — In  American  languages  a  peculiar  hiatus  is  frequently 
found  between  vowels,  and  a  similar  cessation  of  the  breath  precedes 
and  follows  vowels.  This  closure  is  of  the  glottis,  and  is  in  all  prob- 
ability caused  by  the  folding  of  the  epiglottis  over  the  glottis,  as  is  the 
case  in  swallowing.  It  is  recommended  that  the  apostrophe  (*)  be 
used.  As  noted  above,  this  glottal  closure  also  occurs  with  glottalized 
consonants. 

A  glottal  spirant,  evidently  caused  by  the  agitation  of  the  relaxed 
vocal  cords  during  the  forcible  expiration  of  the  breath,  does  not 
differ  particularly  from  the  /i  of  English.  Strong  aspiration  should 
be  indicated  by  A,  weak  aspiration  by  breathing  ('). 

B.  RULES  FOR  THE  MORE  COMPLETE  SYSTEM 

DIACRITICAL  MARKS  USED  INDEPENDENTLY 

1.  As  a  sign  for  long  vowel  or  consonant,  it  is  recommended  that 
the  inverted  period  (*)  t>c  ^sed  after  a  letter.  For  more  than  ordi- 
nary length,  a  colon  ( :)  may  be  used  after  a  letter.  Thus,  a  •  would 
denote  long  a;  a:  would  denote  excessively  long  a.  Excessive 
length  of  non-grammatical  significance,  such  as  is  often  made  use  of 
for  rhetorical  purposes,  may  be  expressed  by  plus  (  +  ) .  Characters 
without  explicit  signs  of  length  are  to  be  considered  as  short.  Ex- 
cessive shortness  of  vowels  is  to  be  indicated,  where  it  seems  advisable 
to  do  so,  by  a  small  superior  breve  (  "  )  immediately  after  the  letter. 
It  is  to  be  recommended  that  it  be  printed  small  and  close  to  the  pre- 
ceding letter,  so  as  not  to  sprawl  the  word. 

2.  Main  and  secondary  stress  accents  are  to  be  indicated  by  acute 
( ' )  and  grave  ( '  )  respectively,  which  are  to  be  placed  after  the 
vowel  or  syllabic  consonant  affected.  Where  an  accent  and  a  mafk  of 
length  apply  to  the  same  vowel,  it  is  recommended  that  the  two  sym- 
bols be  united  into  a  single  symbol,  so  as  to  avoid  sprawling  the  word. 
Thus,'    '^  and^^ 

3.  A  period  on  the  line  is  to  be  used  between  characters  normally 
forming  diphthongs  or  affricatives,  when  it  is  desired  to  indicate  that 
each  of  the  sounds  represented  has  its  own  (syllabic)  value.    Thus, 

'  Small  capital  l. 
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aA  is  non-diphthongal  a  plus  i,  ai  being  die  corresponding  diphthong. 
Similarly,  t^  is  die  non-affricative  t  phis  s,  corresponding  to  the 
affricative  ts. 

4.  Hyphens  should  not  be  used  for  phonetic  purposes.  They  may, 
however,  be  used  to  indicate  morphological  analysis.  Where,  in 
continuous  text,  it  seems  advisable  to  indicate  somewhat  loosely 
affixed  elements  (prefixes  and  suffixes  not  tiioroughly  welded  with 
stem)  l^  means  of  hyphens,  double  hyphens  may  be  used  at  the  ends 
of  lines  to  indicate  a  break  in  the  word  not  meant  to  be  of  morpho- 
logic significance. 

VOWELS 

5.  Pitch  accent,  where  indicated  at  all,  should  be  expressed  by 
means  of  diacritical  marks  over  the  voweL  These  diacritical  marks 
are  also  to  be  used  over  sonant  continuants  (such  as  I,  m,  »,  w,  s) 
where  these  bear  the  pitch  accent  The  fundamental  difference 
between  the  system  of  pitch  accent  here  recommended  (the  same  as 
has  been  fully  described  by  Father  W.  Schmidt  in  various  articles  in 
"  Anthropos  ")  and  that  of  indicating  stress  is  diat  die  diacritical 
marks  for  the  former  stand  immediately  above  the  letter,  whereas 
those  for  the  latter  follow.  High  pitch  is  to  be  indicated  by  an  aotfee 
accent  (  ' )  over  the  letter ;  low  pitch  is  to  be  indicated  by  a  grave 
accent  ( '  )  over  the  letter ;  falling  accent  from  high  to  low  is  to  be 
indicated  by  a  combination  of  the  acute  and  the  grave,  i.  e.,  by  tfie 
circimiflex  accent  C  )  ;  rising  accent  from  low  to  high  is  tO'  be 
indicated  by  a  combination  of  the  grave  and  acute  accents,  i.  e^  by 
the  inverted  circumflex  accent  ( "" ) .  When  it  is  necessaiy  to  indi- 
cate middle  pitch,  this  may  be  done  by  a  vertical  line  above  the 
vowel  (  '  ). 

6.  Voiceless  vowels,  that  is,  aspiration  with  definite  vocalie  tindxc, 
should  be  indicated  by  means  of  small  capitals  of  correqKmdtng 
vowels. 

7.  Nasalization  should  be  expressed  by  means  of  a  hook,  turned 
to  the  right,  placed  under  the  vowel  or  voiced  continuant  ThnSp 
nasalized  a  is  indicated  by  q.  This  device  may  also  be  empkyed  to 
indicate  semi-nasalized  consonants.  Thus,  ^  would  indicate  semi- 
nasalized  b,  acoustically  midway  between  b  and  m. 

8.  What' might  be  rather  vaguely  termed  subsidiary  orwealdy 
articulated  vowels  of  variouis  sorts  are  to  be  expressed  by  means  of 
superior  or  inferior  characters.  Rearticulations  (sudi  as  often 
occur  in  Indian  languages,  e.  g.,  a-*  in  Takelma),  vocalic  gfides, 
murmured  or  echo  vowels  pronounced  with  feeble  energy,  yet  not 
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entirely  voiceless  (such  as  often  occur  in  America  after  glottal 
stops),  vocalic  resonance  of  preceding  consonants,  and  whispered 
vowels  are  all  to  be  expressed  by  superior  or  inferior  vowels.  The 
exact  usage  of  superior  or  inferior  vowels  should  be  carefully 
explained  in  the  key  in  every  case,  so  as  to  avoid  possible  confusion. 
If  it  is  desired  to  distinguish  between  vocalic  timbres  and  weakly 
articulated  voiceless  vowels  on  the  one  hand  and  vocalic  glides  and 
weakly  articulated  voiced  vowels  on  the  other  hand,  superior  vowels 
(•)  may  be  used  for  the  former,  inferior  vowels  (c)  for  the  latter. 

91  The  representation  of  vocalic  qualities  here  recommended 
attempts  to  combine,  as  far  as  possible,  the  requirements  of  ordi- 
nary usage  with  the  demands  of  a  consistent  scientific  system.  The 
phonetic  analysis  serving  as  a  basis  of  the  system  has  been  taken 
from  Sweet's  "  Primer  of  Phonetics." 

The  five  vocalic  symbols  serving  as  a  starting  point  in  this  system 
are:  a,  pronounced  as  in  German  Mann;  e,  pronounced  as  in  French 
iti;  i,  pronounced  as  in  French  Ani;  o,  pronounced  as  in  German 
so;  and  u,  pronounced  as  in  German  gut. 

Roughly  speaking,  the  Greek  forms  of  these  letters  indicate  the 
open  (Sweet's  wide)  forms  of  the  same  sounds.  For  Greek  omikron, 
which  would  be  easily  confused  with  o,  inverted  c  {o)  \s  substituted. 
Thus,  upsilon  (v)  represents  u  of  English  full;  turned  c  {o)  repre- 
sents 0  of  German  voll;  epsilon  (e)  represents  e  of  English  met; 
iota  (i)  represents  i  of  English  it;  alpha  (a)  represents  u  of  English 
but.  According  to  Sweet's  phonetic  analysis,  a  is  the  wide  form  of  a, 
but  general  usage  demands  the  retention  of  a  for  the  value  here 
recommended.  The  principle  of  simplicity  (see  last  paragraph  of 
A,  I,  I )  will,  in  most  cases,  involve  considerable  simplification  of  this 
system.  Thus,  where  but  one  form  of  »-vowel  is  in  use,  the  simple 
symbol  i  will  be  used  for  either  the  close  or  open  variety. 

Rounded  forms  of  front  vowels  are  to  be  indicated  by  the  umlaut 
(  "  )  over  the  corresponding  rounded  back  vowels.  Thus,  u  indicates 
the  vowel  of  German  kiihl  or  French  lune;  6  represents  the  vowel 
of  German  schon  or  French  bleu;  v  represents  the  first  vowel  of 
German  Miitse;  3  represents  the  first  vowel  of  German  Cotter, 

The  use  of  the  umlaut  may  be  extended  to  indicate  high-back- 
unrounded  vowels,  the  corresponding  high-front-tlnrounded  vowels 
being  taken  as  points  of  departure.  Thus,  t  and  i  represent  the  high- 
back-unrounded  representatives  of  i  and  t,  in  other  words,  the  un- 
rounded forms  of  u  and  v.  Both  of  these  sounds  occur,  for  example, 
in  Shoshonean. 


lO  SMITHSONIAN  MISCEUANBODS  OOULBCHQHi  ITOL  66 


A  natural  extenskm  of  tbe  syston,  as  developed  up  to  Ifaii  point, 
is  the  use  of  a  single  dot  over  a  vowd  to  indicate  articnhtioni  nid- 
way  between  front  and  bade,  tbat  is,  all  Towds  V^n^p'y  to  Sweet's 
"  mixed  "  cat^[ory.  Tbos,  m  repiesentstbe  vowd  aconrticaPy  mid- 
way between  u  and  u,  an  rxamplf  of  wUdi  is  •  of  Swedish  tms. 
To  avoid  confusion  widi  oidinaiy  t,  tbe  stqieiior  dot  of  tlie  i  of  Ais 
series  should  be  printed  a  little  to  tbe  left  ('i). 

For  the  low-badc-nanow-rounded  vowd   (Ifae  lg«fgHA  0^^  of 
law),  omega  (»)  may  be  used ;  die  corresponding  low-front-narrovr- 
rounded  vowel,  the  eu  of  French  peur,  is  indicated  by  «,  wUch  dms 
falls  in  line  with  u  and  o.   The  vowd  midway  in  position  belweea  •. 
and  ut  is  <»• 

For  the  other  vowels  of  Sweet's  scheme  no  specific  symbols  are 
recommended  as  vet. 

An  obscure  vowel  of  tmdefined  quality  may  be  represented  by 
turned  e,  i.  e.,  ^. 

CONSONANTS 

10.  Small  capitals  are  to  be  r^^ularly  used  to  indicate  voiodess 
forms  of  consonants  ordinarily  voiced  (lateral  continuants,  trilled 
consonants,  nasal  continuants).  Thus,  l,  m,  .v,  and  r  indicate  Toioe* 
less  I,  m,  n,  and  r,  respectively.  In  the  case  of  stops  and  spirantSi 
where  distinct  characters  are  used  for  corresponding  voiced  and 
voiceless  forms,  the  small  capital  is  to  be  used  to  indicate  a  smd-* 
sonant  intermediate  (intermediate  consonants  here  indude 
consonants  pronounced  with  stress  ordinarily  characteristic  of 
consonants,  also  surd  consonants  that  are  sonant  at  the  moment  of 
release).  Thus,  g  indicates  the  intermediate  between  sonant  g  and 
surd  k;  similarly,  z  (slightly  higher  than  lower  case  g)  indicates  tbe 
consonant  intermediate  between  s  and  s,  equivalent  to  J.  O.  Dorscy's 
turned  s. 

Weakly  articulated  or  barely  audible  consonants,  also  consQoantic 
glides,  are  to  be  represented  by  superior  letters ;  thus,  Maledte  ••►- 
and  Wyandot  -"</-. 

11.  A  point  beneath  the  consonant  is  regularly  used  to  indicate  a 
point  of  articulation  posterior  to  the  standard  point  of  artinilation 
adopted  for  the  simple  character.  Thus,  d  represents  a  d  prononnoed 
with  the  tip  of  the  tongue  articulating  against  the  palate  back  of  tbe 
alveolar  ridge,  that  is,  the  cerebral  d.  Similarly,  k  may  be  used  to 
indicate  a  velar  k. 

A  semicircle  beneath  the  letter  (  O  i^  regularly  used  to  indicate  a 
point  of  articulation  in  front  of  the  standard  one  adopted  for  tbe 
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sound  indicated  by  the  simple  character.    Thus,  t  represents  dental 
t,  as  in  Slavic ;  j^  indicates  prepalatal  g. 

12.  Four  main  types  of  articulation  are  recognized  for  the  stopped 
and  affricative  consonants  of  each  position ;  the  sonant,  the  surd,  the 
intermediate  (indicated  by  small  capital  forms  of  letters  represent- 
ing sonant  stops),  and  aspirated  surd  (represented  by  the  sign  of 
aspiration  (')  following  the  symbol  for  voiceless  surd  stop).  Other 
tjrpes  of  consonants  involving  synchronous  articulations  will  be  dis- 
cussed below. 

13.  Three  main  positions  are  recognized  for  stopped  consonants : 
the  bilabial,  the  linguo-dental  or  linguo-alveolar,  and  the  linguo- 
palatal  or  guttural.  The  sonant  of  the  first  position  is  indicated  by 
b,  its  corresponding  surd  by  p,  intermediate  by  b,  aspirated  surd 
by  p\  The  voiced  nasal  continuant  of  this  series  is  represented  by  nt, 
its  voiceless  form  by  m;  the  semi-nasal  stop  may  be  indicated  by  b. 

14.  In  parallel  fashion,  d,  t,  d,  and  /*  indicate  corresponding  con- 
sonants of  alveolar  position  (the  tip  or  blade  of  the  tongue  and  the 
alveolar  ridge  are  here  taken  as  the  standard  point  of  articulation  for 
the  linguo-dental  and  linguo-alveolar  consonants),  d,  t,  d^  |*  indi- 
cate the  corresponding  sounds  for  the  true  dental  series,  rf,  t,  u, 
and  /'  indicate  the  corresponding  sounds  for  the  cerebral  series. 

The  voiced  and  unvoiced  nasals  for  the  three  positions  defined 
above  are  respectively  n,  ^■;  w,  .y;  n,  a. 

15.  Between  the  alveolar  and  guttural  consonants  is  a  set  of  dorsal 
consonants,  produced  by  the  upper  surface  of  the  tongue  articulating 
against  the  forward  part  of  the  palate.  Such  consonants  are  indi- 
cated by  Greek  letters.  The  four  stops  parallel  to  those  enumerated 
for  the  preceding  positions  are  8,  t,  A,  and  t*;  the  corresponding 
nasals  are  v  and  small  capital  v  (inasmuch  as  capital  v  is  identical 
with  English  N,  it  is  recommended  that  the  lower  case  v  be  used  in 
somewhat  enlarged  form). 

8,  and  correspondingly  for  the  other  characters  of  the  series,  would 
indicate  dorsal  consonants  produced  by  articulating  with  the  middle 
surface  of  the  tongue  against  or  just  back  of  the  teeth ;  8,  and  corre- 
spondingly for  the  other  characters  of  the  series,  would  indicate 
dorsal  consonant  produced  by  articulating  with  the  middle  surface 
of  the  tongue  against  the  back  part  of  the  palate. 

16.  The  symbols,  g,  k,  c,  and  k^  indicate  the  guttural  consonants 
produced  by  articulating  with  the  back  of  the  tongue  against  the 
posterior  part  of  the  palate ;  the  position  given  by  g  of  English  good 
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may  be  taken  as  the  standard*   The  correq[KHidiiig  Toioed  nasal  (ng 
of  English  sing)  is  indicated  by  9;  its  YoicelesB  form  by  V> 

The  front  palatal  series  (illustrated  hykot  English  Mi,  or  still 
more  markedly  by  the  anterior  palatal  i-sounds  of  several  West  Coast 
languages)  is  represented  by  ^,  i,  G,  j^';  and  die  corresponding  nasals 
by  V  and  /y. 

The  back  palatal  series,  produced  by  the  back  of  the  toi^^  articu- 
lating against  the  velum,  is  represented  hy  g,k  (or  q),G9  and  |r*;  the 
corresponding  nasals  are  ff  and  v. 

17.  The  rounded  voiced  bilabial  spirant,  or  semivocalic  «,  is  to  be 
represented  by  w;  its  voiceless  correspondent,  Ir  (L  e.9  as  used  in 
transcriptions  of  Gothic  for  hw).  Unrounded,  bilalual  spiranta 
(Eskimo  /  and  v,  according  to  Kleinschmidt's  orthography)  are  to 
be  represented  by  ^  (voiceless)  and  p  (voiced).  The  dento-laUal 
spirants  are  respectively  represented  by  /  and  v. 

The  interdental  spirants  (th  of  English  thick  and  then)  are  to  be 
indicated  respectively  by  the  two  forms  of  Gredc  theta,  $  (voiceless) 
and  >^  (voiced).  The  spirants  corresponding  to  the  various  f-sounds 
are  to  be  represented  by  s  and  s;  variations  of  position  may  be  indi- 
cated as  in  the  case  of  Mounds,  s  and  g  representing  the  ordinary 
alveolar  sibilants,  s  and  s  the  dental  sibilants,  and  s  and  s  the  cor- 
responding  cerebral  sibilants.  Dorsal  sibilants  may  be  represented  by 
a  (voiceless)  and  C  (voiced),  which  symbols,  however,  need  be  used 
only  when  it  is  necessary  to  distinguish  explicitly  between  dorsal  and 
apical  sibilants ;  as  in  the  case  of  the  other  sibilants,  forward  and 
backward  points  of  articulation  may  be  indicated  by  ?,  {,  and  v,  C 
respectively. 

The  spirants  corresponding  to  the  various  ifc-series  are  to  be  reprt- 
sented  by  Greek  x  (or  x)  and  y,  which  correspond  in  position  to  k 
and  g.  The  prepalatal  spirants  are  to  be  indicated  by  x  (as  in  Gemian 
ich)  and  y  (y,  pronounced  as  in  English  yes,  will  be  the  ordinary 
symbol  for  the  voiced  spirant  of  this  position,  but  it  will  be  con- 
venient sometimes  to  use  the  symbol  y  for  a  voiced  spirant  of  the  same 
or  slightly  posterior  position  of  non- vocalic  effect)  ;  for  x  may,  where 
convenient,  be  substituted  ^.  The  back  palatal  spirants  arex  ^nd  y, 
for  the  former  of  which  may,  where  convenient,  be  substituted  x. 

Spirants  that  are  intermediate,  as  regards  voicing,  between  typical 
surd  and  sonant  spirants,  may  be  represented  by  small  capitals  of  llie 
corresponding  characters  for  voiced  spirants. 

Any  spirant  may  be  nasalized,  to  indicate  which  the  hook,  as  usual. 
is  employed.  Thus,  s  would  represent  the  s  of  English  seal,  hot 
nasalized. 
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i8.  The  sibilants  of  thickish  quality  (English  sh  and  g  of  ship  and 
asure)  arc  to  be  represented  by  c  (voiceless)  and  ;  (voiced).    For-' 
ward  and  backward  articulations  of  these  sounds  are  respectively 
represented  by  r,  ^;  c,  j  (cerebral  c-sounds). 

19.  Affricatives,  that  is,  consonantal  diphthongs  consisting  of  stop 
followed  by  spirant  of  identical  position,  should  always  be  written 
analytically,  that  is,  both  stop  and  spirant  should  be  represented. 
Thus,  pi^  is  the  voiceless  aff ricative  of  unrounded  bilabial  position ; 
ds  is  the  voiced  aff ricative  of  ^position.  The  same  manner  of  writing 
applies  to  aff ricatives  the  spirantal  element  of  which  is  a  c-sound. 

If  the  stop  and  following  homorganic  spirant  do  not  form  an 
affricative  but  preserve  their  individuality,  a  period  is  to  be  put 
between  them ;  thus,  t:s. 

20.  All  lateral  sounds  are  to  be  indicated  by  /  or  /-like  characters, 
the  standard  /  being  defined  as  an  apical  voiced  /  of  alveolar  position ; 
the  corresponding  voiceless  sound  is  l  or  t.  The  corresponding 
dental  and  cerebral  /-sounds  are  /,  l,  (t);  and  /,  l,  (i),  respectively. 

Dorsal  /-sounds  are  to  be  indicated  by  A  (voiced)  and  small  capi- 
tal lambda,  A  (unvoiced).  Forward  and  backward  articulations  of 
dorsal  /  may  be  represented  by  means  of  A,  a  ;  and  A  (this  would  be 
the  back-/  found  in  many  Slavic  languages),  a. 

Lateral  affricatives,  that  is,  t-  or  k-  stop  merging  into  lateral 
spirants,  should  be  indicated  analytically  as  in  the  case  of  all  affrica- 
tives. tt  and  dl  would  be  the  normal  characters  used  for  the  voiceless 
and  voiced  dorsal  lateral  affricatives,  while  the  systematic  rendering 
of  these  sounds  is  ta  and  8A.    W-sounds  may  also  occur. 

Nasalized  laterals  can  be  indicated  by  /  and  correspondingly  for 
other  /-sounds. 

21.  All  rolled  consonants  (r-sounds),  whether  markedly  trilled  or 
not,  are  to  be  indicated  by  r  or  r-like  characters,  r  indicates  a  voiced 
tongue-tipped  rolled  consonant  in  alveolar  position ;  r  is  the  corre- 
sponding sound  of  dental  position ;  r  the  cerebral  r.  The  correspond- 
ing voiceless  consonants  are  respectively  /?,  r,  and  /?. 

The  uvular  r  is  to  be  indicated  by  Greek  rho  (p)  ;  the  correspond- 
ing voiceless  uvular  r-sound  is  to  be  represented  by  small  capital  (p), 
which  is  best  printed  as  small  capital  italic  p:  p. 

If  it  is  necessary  to  distinguish  unt rilled  (or  weakly  trilled)  from 
markedly  trilled  r-sounds,  a  macron  is  to  be  put  above  the  character 
to  indicate  the  latter  type.    Thus,  r  denotes  strongly  trilled  cerebral  r. 

Nasalization,  as  usual,  is  to  be  expressed  by  the  hook  beneath  a 
character.    Thus,  p  indicates  nasalized  uvular  r. 
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22.  Aspiration,  as  already  indicated  above  in  treating  of  ay  rated 
surds,  in  serving  as  a  consonantal  release  or  conchiding  a  syllabk 
after  a  vowel,  is  to  be  indicated  by  breathing  (*).  Aspiration  as  an 
independent  consonant  is  to  be  indicated  by  h  when  strong,  by  breatli-- 

ing  (')  when  weak. 

Nasalized  breath  may  be  represented  by  [  or  A.  Nasalized  breath 
with  definite  vocalic  timbre  may  be  indicated  by  putting  the  sign  for 
aspiration  under  the  vocalic  character:  thus,  [.  Voiceless  stopped 
consonants  with  nasalized  breath  release  and  continuance  of  oral 
contact  during  release  may  be  indicated  by  putting  the  ngn  for 
nasalization  under  the  character  for  the  stopped  consonant :  tfnu,  p. 

The  peculiar  strangulated-sounding  A-sounds  found  in  Nootka  and 
Arabic  may  be  indicated  by  h. 

23.  The  glottal  (epiglottal)  stop  is  to  be  indicated  by  an  ^k»- 
trophe,  '.  Broken  vowels,  that  is  vowels  cut  in  two  by  a  glottal- 
stop,  may  be  rendered  a'a  or  a"*,  and  correspondingly  for  other 
vowels;  the  latter  orthography  is  to  be  employed  when  the  post- 
glottal  part  of  the  vowel  is  weakly  articulated  (murmured  or  whis- 
pered). 

A  simple  glottalized  consonant,  that  is,  a  voiceless  consonant 
pronounced  with  simultaneous  closure  of  the  glottis,  and  whose 
release  also  is  simultaneous  with  that  of  the  glottal  closure,  may  be 
indicated  by  putting  the  '  over  the  character ;  thus,  p  indicates  a 
glottalized  p  (such  consonants  are  found  in  Southern  Paiute  and  in 
Delaware).  p\  and  correspondingly  for  other  consonants,  indicates 
a  consonant  whose  release  is  immediately  followed  by  a  glottal 
closure. 

A  common  type  of  glottalized  consonant  in  American  languages 
is  the  so-called  "  fortis."  These  consonants  are  generally  pronounced 
with  simultaneous  glottal  closure  and  with  glottal  release  subsequent 
to  that  of  the  oral  release.  We  may  distinguish  here  between^die 
simple  glottalized  stop  and  the  true  fortis  produced  with  very  high 
pressure  and  accompanying  increased  muscular  tension  of  the  articu- 
lating organs,  which  gives  to  the  sound  its  abrupt  exploded  character. 
It  is  recommended  that  the  orthography  already  in  use  (namely,  pi, 
and  correspondingly  for  other  consonants)  be  retained  for  the  true 
fortis ;  p  (and  correspondingly  for  other  consonants)  should  be  used 
to  indicate  the  more  weakly  articulated  glottalized  consonant  of  this 
type. 

A  "  glottal  trill,"  that  is,  a  vowel  broken  up  by  a  rapidly  succeeding 
series  of  glottal  closures  (German  "Knarrstinune"),  may  be  indi* 
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cated  by  putting  the  apostrophe  over  the  vowel.    Thus,  a  is  glottally 
triUed  a. 

A  peculiar  strangulated-sounding  glottal  stop  found  in  Nootka, 
and  bearing  the  same  relation  to  the  ordinary  glottal  stop  that  h  bears 
to  h,  may  be  indicated  by  '. . 

24.  Special  modifications  of  consonants  may  be  brought  about  by 
synchronous  articulations,  that  is,  by  the  simultaneous  action  of  some 
other  part  of  the  speech  apparatus  than  is  primarily  involved  in  the 
production  of  the  consonant.  Nasalized  and  glottalized  consonants, 
two  types  of  such  "  doubly  articulated  "  consonants,  have  already  been 
discussed.  Aside  from  glottalization,  all  such  synchronous  articula- 
tions should  be  indicated  by  diacritical  marks  beneath  the  character 
or  by  closely  following  inferior  characters.  This  method  seems 
preferable  to  indicating  them  by  means  of  superior  characters,  as  in 
this  way  confusion  is  avoided  with  consonantal  glides. 

Labialized  consonants,  that  is,  consonants  pronounced  with  simul- 
taneous lip-rounding,  are  to  be  indicated  by  means  of  inferior  w 
closely  following  the  character.  Thus,  /«,  indicates  an  /  pronounced 
with  markedly  rounded  lips ;  similarly,  kto  indicates  a  k  with  simul- 
taneous lip-rounding  (not  to  be  confused,  of  course,  with  kw). 

Palatalized  consonants,  that  is,  consonants  modified  by  the  simul- 
taneous articulation  of  a  large  part  of  the  surface  of  the  tongue 
against  the  palate  (in  other  words,  by  the  tongue  takinjj  v-position), 
are  to  be  indicated  by  closely  following  inferior  y.  Thus,  %  indi- 
cates a  palatalized  dental  n.  The  ordinary  so-called  "  palatal  "  /  and 
ft  are  probably  best  considered  as  palatalized  dorsal  /  and  n  and  should 
thus,  strictly  speaking,  be  indicated  by  Ay  (Italian  gl)  and  vy  (Italian 
gn)  ;  Ip  and  %  would,  however,  be  the  normal  methods  of  represent- 
ing these  consonants. 

.  In  some  languages  a  vowel  or  consonant  may  be  given  a  distinct 
velar  or  guttural  resonance,  due  to  the  fact  that  during  the  production 
of  the  sound  an  approximation  is  made  of  the  tongue  and  velum  or 
tongue  and  posterior  palate  to  velar  or  guttural  closure  without  such 
closure  being  actually  attained.  No  symbol  is  expressly  recom- 
mended here  for  gutturalized  and  velarized  sounds,  but  these  sounds, 
where  noted,  should  be  definitely  indicated  in  some  way. 

25.  If  a  consonant  forms  its  own  syllable  without  a  preceding  or 
following  vowel,  that  fact  may  be  indicated  by  placing  a  small  circle 
under  the  character.  Thus,  n  indicates  syllabic  n,  as  in  English 
button  {ba'tn). 
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THE  PYRANOMETER— AN  IXSTRUiMENT  FOR  MEASUR- 
ING SKY  RADIATION 

By  C  G.  abbot  and  L.  B.  ALDRICH 

The  instruments  we  are  atout  to  describe  are  the  resuh  of 
investigations  begun  under  a  grant  from  the  Hodgkins  Fund  in 
191 3.  They  are  derived  in  principle  from  the  highly  successful  pyr- 
heliometer  of  K.  Angstrom/  In  that  instrument  there  are  two 
strips  of  blackened  manganin,  one  of  which  is  shaded  from  the  solar 
radiation,  the  other  exposed.  The  shaded  strip  is  heated  by  an  elec- 
tric current  whose  strength  can  be  graduated  until  the  temperatures 
at  the  back  of  the  two  strips  are  equal,  as  shown  by  means  of  thermo- 
elements attached  to  the  rear  of  the  two  strips.  When  the  equality 
of  temperature  is  brotight  about,  as  shown  by  zero  deflection  of  the 
galvanometer,  it  is  assumed  that  the  encrj^y  of  radiation  absorbed  in 
the  exposed  strip  is  etjual  to  the  energy  of  the  electric  current  dissi- 
pated in  the  shaded  one.  To  eliminate  errors  the  uses  of  the  strips 
are  reversed,  so  that  the  formerly  shaded  strip  is  exposed  to  radiation, 
and  the  formerly  exposed  strip  is  shaded  and  heated  by  the  electric 
current. 

In  another  instrument  of  K.  Angstrom,  called  by  his  son  the 
pyrgeometer,'  a  pair  of  blackened  manganin  strips  alternate  with  a 
pair  of  polished  gold-plated  ones,  and  the  whole  grid  of  four  strii)s, 
arranged  centrally  nearly  in  the  plane  of  the  surface  of  a  nickel-plated 
box,  is  exposed  to  the  night  sky.  The  bright  strips  lose  very  little 
heat  by  radiation,  while  the  black  ones  lose  comparatively  a  good 
deal,  and  so  the  effect  is  to  cool  the  blackened  strips  with  respect  to 
the  bright  ones,  and  this  state  of  affairs  is  indicated  by  means  of 
thermo-elements  attached  to  the  series  of  strips.  It  is  provided  that 
the  electric  heating  current  can  be  used  to  warm  the  blackened  strips 
until  their  temperature  is  restored  to  that  of  the  bright  strips  as 
indicated  by  the  zero  of  the  galvanometer.  This  instrument  was  not 
regarded  by  its  inventor  as  a  primary  instriunent,  and  following  his 
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procedure  the  constant  of  such  instniinents  is  dcCenniiied  fay  fFiHW'iig 
them  within  inclosures  of  constant-lowcr-tcmperaturcd  iralls. 

It  might  appear  that  the  pyrgeometer  could  also  be  enqployed  in 
daytime  to  determine  the  radiation  scattered  from  sunlight  by  tiie 
sky,  if  at  such  times  the  sensitive  strips  were  covered  by  a  hemi- 
sphere of  glass  to  cut  off  exchange  of  rays  of  long  wave  lengths.  In 
such  a  case  the  heating  current  would  require  to  be  applied  to  the 
bright  strips  rather  than  the  black  ones.  This  use  of  the  instrument 
is,  however,  defeated  by  the  fact  that  the  absorption  coeflScient  of  the 
bright  strips  for  sky-light  is  not  even  approximately  zero,  and  varies 
greatly  with  the  wave  length,  especially  in  the  blue  and  violet  and 
ultra-violet  parts  of  the  spectrum. 

It  was  our  purpose  to  devise  a  standard  instrument  for  measuring 
the  solar  radiation  scattered  inward  by  the  sky  in  daytime,  and  it 
was  our  hope  that  the  instrument  suitable  for  this  purpose  should  also 
be  applicable  to  the  measurement  of  nocturnal  radiation  as  well.  We 
began  experiments  for  this  purpose  in  1912;  and  now,  after  having 
devised  and  constructed  six  different  forms  of  instrument,  we  have 
satisfied  ourselves  that  the  last  two  types  are  very  satisfactory  for 
the  purpose. 

The  name  Pyranonieter,*  selected  for  the  instrument  we  have 
devised,  is  taken  from  Greek  words  (  vvp,  fir t;  avd,  up;  tuTpw,z 
measure)  signifying  that  which  measures  heat  above.  The  name 
was  chosen  with  reference  to  the  fact  that  the  instrument  is  designed 
to  measure  the  energy  of  radiation  to  or  from  a  complete  hemisphere 
lying  above  the  measuring  surface. 

PYRANOMETER  A.  P.  0. 6 

Referring  to  the  accompanying  illustration,  figure  I  is  a  side  view; 
figure  2,  looking  down  from  above ;  figure  3,  an  attachment  not  used 
in  measuring  total  sky  radiation,  but  employed  when  it  is  desired  to 
restrict  the  measurements  to  the  sun  alone ;  figure  4,  a  cross  section 
taken  at  right  angles  to  the  view  presented  in  figure  I  and  omitting 
the  wooden  base  and  apparatus  for  shading  the  sun.  In  figure  5 
are  details  showing  the  arrangement  of  the  sensitive  strips  and 
thermo-couples.  The  instrument  shown  is  the  sixth  form  wc  have 
devised.  In  the  fifth  form  there  is  but  one  sensitive  strip  instead  of 
two  as  shown  here.  The  fifth  form  of  instrument  is  more  sensitive 
than  the  sixth  form,  but  has  a  certain  source  of  error  which  was  to  a 


'  We  make  our  acknowledgments  to  Miss  M.  Moore  and  to  Dr.  Casanowics 
for  advice  in  selecting  this  name. 
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considerable  extent  avoided  in  the  sixth  form,  of  which  more  will  be 
said  hereafter. 

A  and  B  are  strips  of  manganin,  each  exposing  surfaces  6  mm. 
long  and  2  mm.  wide.  The  strips  are  bent  through  45**  at  the  ends 
of  the  exposed  portion  and  soldered  with  great  care  on  to  the  lower 
parts  of  the  split  copper  blocks  C,  C^,  D,  D^,  in  such  manner  that  the 
solder  goes  exactly  to  the  bend  where  the  manganin  strip  becomes 


exposed.  The  strips  A,  B,  are  situated  in  the  center  of  the  polished 
nickel-plated  copper  block  E  and  are  sei)arated  the  one  from  the  other 
by  the  copper  strip  F,  Electrical  insulation  between  the  strips  A,  B 
(with  their  attached  copper  blocks  C,  C\  D,  D'),  and  the  plate  E 
and  strip  F  are  provided  by  means  of  thin  vertical  separating  strips 
of  mica,  coming  exactly  to  the  common  surface  of  the  plate  E  and 
manganin  strips  A,  B,  Conductors  ( iiot  shown)  run  from  the  blocks 
C,  O,  D,  D^,  to  the  switch  //,  and  thence  to  the  pair  of  binding  posts 
G,  of  which  only  one  of  the  two  appears  in  figure  i.     Between  the 
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switch  H  and  the  blodcs  C,  C,  D,  If,  the  drctrical  oncaft  lor  iKik- 
ing  the  strips  A,  B,  divides  into  two.  Appropriate 
placed  in  the  two  drcoits,  so  that  aMwugfa  the  stiq>  B  m  tea 
as  thick  as  the  strip  A,  and  has  a  correspondingly  ^mmn^r 
resistance,  comijensation  is  provided  by  means  of  the  said  ^W-hm^jI 
resistances  so  that  the  current  divides  in  the  proper  proportion  to 
heat  the  strip  A  at  exactly  the  same  rate  as  strip  B. 

The  two  U-shaped  themio-elements,  /.  /^  are  arranged  in  scries, 
with  their  warm  and  cold  junctions  respectively  attadied  by  dnn 
waxed  \ni\jcT  to  the  hade  of  the  strips  A  and  B,  so  that  tbe  differenee 
of  teni]xrrature  ( if  any )  between  the  strips  A  and  B  is  indicated  by 
nlean«^  of  a  galvanometer  connected  into  circuit  with  tfaem  by  means 
of  a  flexible  conductor  ( not  shown  in  the  %ure)  whidi  enters  tibe 
instrument  bv  means  of  the  tube  J  shown  in  figure  4.  We  employ 
tellurium-platinum  for  the  thermo-elements  on  account  of  the  gnat 
thermo-electric  ]x;wer  of  this  combination,  the  non-corrosion  of  plati- 
num by  melting  tellurium,  and  the  small  thermal  •conductivity  of 
tellurium.  The  difficulty  of  forming  tellurium  into  the  U-sh^ied 
elements  shown  was  at  first  considerable,  but  was  overcome  after 
some  practice. 

The  principle  of  operation  of  the  instrument  may  now  be  imdeF- 
stood.  Radiation  falling  simultaneously  upon  the  strips  A  and  B 
communicates  to  each  the  same  quantity  of  heat;  but  the  rise  of 
temperature  after  a  steady  state  is  produced  thereby  is  different  in 
the  two  because  the  strip  B  is  ten  times  as  thick  as  the  strip  A,  and 
so  its  thermal  conductivity  to  the  ends  is  greater.  Hence  a  deflection 
of  the  galvanometer  occurs.  This  deflection  is  balanced,  after  again 
shaflin;:^  the  strips,  by  means  of  an  electric  current  divided  between. 
the  strips  A  and  B  so  as  to  produce  equal  heating  effects  in  eadu  By 
suitable  adjustment  the  deflection  of  the  galvanometer  whidi  was 
]jroduced  by  the  absorption  of  radiation  is  reproduced  by  the  heating 
of  the  electric  current.  In  these  circumstances  the  energy  of  the 
electric  current  transformed  into  heat  in  either  strip  is  equal  to  Ae 
energy  of  the  radiation  absorbed  by  either  strip.  The  instrument  is 
primarily  designed  to  measure  radiation  on  a  horizontal  surface,  but 
it  can  be  used  in  any  position. 

The  remaining  details  of  the  instnunent  will  be  easily  tmderstood. 
K  is  an  optically  figured  hollow  hemispherical  screen  of  ultra-yiokt 
crown  glass  25  mm.  in  diameter  and  2  mm.  thick,  whose  purpose 
is  to  admit  direct  or  scattered  solar  radiation,  but  to  prevent  Ae 
exchange  of  long  wave-length  radiation  between  the  manganin 
strips  and  the  sky.     A  nickel-plated  shutter,  L,  is  provided  for 
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shading  the  instrument  from  the  sun  or  sky.  A  small  metal  screen, 
M,  subtending  o.ooi  i  hemispheres,  is  mounted  on  an  equatorial  axis 
operated  by  a  worm-wheel  arrangement.  This  screen  is  used  to 
shade  the  sun  from  the  strips,  in  case  it  is  desired  to  measure  the 
sky  alone,  and  not  the  sun  and  sky  in  combination.  A  nickel-plated 
box.  A',  enclosing  a  wood  block  in  which  lies  the  plate  E,  is  provided 
to  keep  the  copper  plate  E  from  external  disturbances  of  tempera- 
ture by  wind  currents.  Around  this  box  N  fits  a  nickel-plated 
cover,  O,  shown  in  figure  3,  for  use  in  observing  the  sun  alone,  in 
making  comparisons  with  the  pyrheliometer.  When  the  cover 
shown  in  figure  3  is  employed,  the  equatorial  mounting  of  the  sun- 
screen M  is  removed,  and  the  worm  attachment  is  used  for  rotating 
the  solar  cover  box  0,  just  described. 

The  following  data  were  used  to  determine  the  constant  of  Pyra- 
nometer  A.  P.  O.  6 : 

Cm. 

Length  of  strips  between  soldered  portions 0.623 

Width  of  thin  strip  (mean  of  5  places ) 0.198 

Width  of  thick  strip  (mean  of  5  places ) 0.201 

Ohms 

Electrical  resistance  of  thin  strip 0.2740 

Electrical  resistance  of  thick  strip 0.0369 

Electrical  resistance  in  series  with  thin  stri]) 0.819 

Electrical  resistance  in  series  with  thick  strip 0.364 

Assumed  absorption  of  the  lamp  black 0.98 

Assumed  transmission  of  the  glass  hemisphere   (allowing 
for  2  reflections  with  index  of  refraction,  1.5 ) 0.92 

(Thickness   of   strips   determined   by   weighings   approximately  0.00034  and 

0.0030  centimeters). 
(Resistance  of  the  two  thermo-couples  in  series  30  ohms). 

From  these  data  the  current  in  the  thin  strip  is   '^       times  the 

1.494 

current  in  the  outside  electrical  heating  circuit.  Hence  the  current 
squares  are  as  0.0719  to  unity.  Hence  the  constant  of  the  instrument 
(when  glass  covered)  is 

j^_  ^07 1 9  X. 2740x60  ^^ 

4. 185  X  6.623  X  o.  198  X  0.98  X  0.92       *^'** 

so  that  the  energy  of  radiation  corresponding  to  a  given  heating 
current  C  measured  in  amperes  is  2.54  C*  calories  (15°  C.)  per  cm.- 
per  minute.  If  used  at  night  without  glass  for  measurement  of  long- 
wave rays,  the  constant  should  probably  be  taken  at 

2.54  X   ^^^  X  ^^  =2.41. 
^^     100      95        ^ 

The  reader  will  perceive  that  the  instrument  may  be  used  for  the 

sun  alone,  the  sun  and  sky  in  combination,  the  sky  alone  by  day ;  or 
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by  removing  the  glass  screen  K  it  may  be  used  for  noctnnial  radiatioiL 
We  have  not  as  yet  employed  the  instrument  mudi  for  the  measure- 
ment of  nocturnal  radiation  nor  have  we  as  yet  compared  its  readings 
under  that  arrangement  with  the  radiation  of  enclosures  at  different 
temperatures.  We  hope  to  make  such  experiments  in  future.  We 
have  made  numerous  comparisons  between  the  instrument  as  arranged 
for  day  observations  and  the  pyrheliometer.  A  series  of  observations 
of  this  kind,  interspersed  by  readings  on  the  whole  sky,  is  shown  in 
table  I.    A  close  agreement  with  the  results  of  Pyrheliometer  A.  P. 


Table  I. — Summary  of  Results  of  March  31,  1916 
North  Tower,  Smithsonian  Institution 


Sec.  Z 


I 


Pyranometer  A.  P.  O.  No.  6 


Sky  alone 

GUm  on 

(Calories) 


Sun  and 

•ky 

Glass  on 

(Calories) 


Sun  alone   Sun  alone* 

Glass  on    Noglaaton 

(Calories)  \  (Calories) 

(x  Sec.  Z)  ;  (x  Sec.  z^ 


.i 


Pyrheli- 
oneter 
A.  P.  O. 

No.  9 
(Calonet) 


Pirrlieli- 


A.p.a 

No.». 


Pyri 
tcrA.P.0. 
Nci. 


1.340  (A.  M.) 

1.330  (A.  M) 

1.235  (P.  M) 1783 

1.J83 

1.400 

1.420 

1-435 

1.4^5 

1 .  502 

1-545 

1.564 

1.665 .1978 

1.689 1703 

1.730 .1757 

T      "fiX 

1.802. 

1.874 .1463 

1.897 .1500 

2.050 

2.og7 

2.280. 1359 


1220 


2.33« 1359 

2.415 

2 . 480 

2.567. 

2.943 

3.055 

3280 

3.420 

3760 

3.90 

4.05 

4  45 


.0851 
.0945 


1. 150 


.635 
.640 


.404 
.388 


.2471 


(.830) 
(.875) 


.780 
.798 


(.660) 
(.648) 

.668 
.702 
.608 

.633 
(.613) 


1.232 

1. 218 

i.o84t 

i.iga 

(1.200) 

(1 .  190) 

1. 013 

•998 

.995 
.949 

.983 

.975 

.987 

1.000 

.993 

1. 019 

.947 
.956 


.504 


1.020 
.964 
.967 


•775 
.770 


.6825 
.680 
.6325 
.6493 

•  •  *  •  • 

.5706 
.5220 


.968 
I. lot 

'X 

-905 
1.035 
I. Oil 

.993 
1. 001 
i.ux8 
I. on 


.966 


I.Q3I 
.969 

1.040 
1.024 

•  •  •  •  • 

(.990) 
X.034 


General  mean I  .Oq6 

Omitting  observations  Nos.  2  and  18 1 .0Q5 


*  Constant  of  instrument  different  from  preceding  column,  allowance  being  madt  for  the 
removal  of  the  glass. 

t  Ammeter  probably  stuck.  , 

0  Result  on  sun  obtained  by  subtracting  sky  from  sun  and  sky  combined. 
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O.  9  is  found  for  all  altitudes  of  the  sun  when  the  pyranometer 
readings  are  reduced  to  vertical  incidence.  This  confirms  the  accu- 
racy of  the  instrument  for  observations  of  the  entire  sky. 

PYRANOMETER  A.  P.  0. 5 

As  stated  above,  we  employed  but  one  sensitive  strip  in  Pyranometer 
A.  P.  O.  5,  embedding  the  cool  junctions  of  the  thermo-elements  in 
the  copper  plate  E.  This  form  is  several  times  as  sensitive  as  Pyra- 
nometer A.  P.  O.  6,  so  much  so  that  we  employed  with  it  a  poten- 
tiometer current  to  bring  the  very  large  galvanometer  deflections  to 
zero,  and  then  balanced  the  potentiometer  current  by  heating  the 
strip.  Unfortunately,  a  defect  of  this  pyranometer  is  a  secondary 
deflection,  caused  by  the  warming  of  the  portion  of  the  plate  E  under 
glass  as  soon  as  the  shutter  is  opened.  This  secondary  deflection  was 
found  very  large,  sometimes  even  as  great  as  a  quarter  of  the  pri- 
mar}'  one.  Its  direction  was  sometimes  in  one  sense,  sometimes  in 
the  other,  for  reasons  that  we  have  not  fully  understood.  There  is, 
however,  a  method  of  reading  whereby  this  source  of  error  is  very 
nearly  eliminated.  It  was  noticed  that  when  heating  the  strip  with 
the  electric  current  no  secondary  deflection  occurred,  and  the  primary 
deflection  was  complete  in  20  seconds.  When  heating  by  radiation  a 
nearly  complete  temporary  halt  of  the  deflection  occurred  at  about  20 
seconds  after  exposure,  before  the  secondary  deflection  appreciably 
manifested  itself.  Hence  we  balanced  the  radiation  deflection  exactly 
on  the  20th  second  by  the  potentiometer  current,  closed  the  shutter, 
waited  two  full  minutes  for  restored  zero  conditions,  and  then  bal- 
anced the  potentiometer  deflection  by  the  heating  current.*  Under 
these  conditions  the  error  is  practically  negligible,  and  on  account  of 
its  great  sensitiveness  Pyranometer  A.  P.  O.  5  is  regarded  as  a  valu- 
able instrument. 

Its  constant  is  determined  as  follows :  Length  of  strip.  0.628  cm. ; 
width,  0.294  cm.;    electrical  resistance.  0.300  ohms.     Radiation  = 

A:C»whereA'=      „  0.300x60 

4.185  X  0.628  X  0.294  X  0.98  X  0.92      ^  ^ 

We  have  employed  this  Pyranometer  A.  P.  O.  5  in  numerous 
measurements  of  radiation  from  the  sun,  sun  and  sky,  sky  alone,  and 


*  The  secondary  plate  heating  effect  is  not  wholly  absent  from  the  two  strip 
form  of  Pyranometer  No.  6,  but  it  is  very  greatly  reduced  in  its  percentage 
importance.  To  entirely  eliminate  it,  however,  we  have  found  it  necessary  to 
dose  the  shutter  30  seconds  after  opening,  and  then  to  wait  at  least  one  minute 
before  balancing  with  the  electric  current. 
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auxiliary  apparatus  used  with  the  Angstrom  pyrheliometer.  Its  read- 
ings on  the  sky  and  sun  by  day  appear  to  be  truly  expressed  in  calories 
per  square  centimeter  per  minute,  for  in  solar  comparisons  values 
found  agree  within  experimental  error  for  all  zenith  distances  with 
those  of  our  standardized  pyrheliometers.  We  are  undertaking  fur- 
ther experiments  to  test  its  accuracy  for  long  wave-rays  such  as 
compose  nocturnal  radiation.  While  we  have  hitherto  employed  only 
ultra-violet  crown  glass  screens,  it  is  obvious  that  such  screens  might 
be  covered  with  stained  gelatine,  or  other  screens  of  special  glass 
employed  to  restrict  the  measurements  to  special  regions  of  spectrum, 
as  might  be  desirable  in  botanical  investigations.  While  the  two  strip 
form  is  preferable  from  its  greater  freedom  from  temperature  dis- 
turbances, the  single  strip  form  is  so  much  more  sensitive  that  for 
observations  in  deep  shade,  as  in  a  forest,  it  would  be  more  suitable. 

As  in  the  case  of  the  silver  disk  pyrheliometer,  we  are  authorized 
to  state  that  the  Smithsonian  Institution  will  undertake  to  furnish 
pyranometers  at  cost  to  those  who  are  engaged  in  investigations  which 
will  be  greatly  promoted  by  the  use  of  this  instrument.  The  cost 
cannot  yet  be  exactly  estimated,  but  it  will  not  exceed  $150  for  the 
pyranometer  itself.  This  does  not,  of  course,  include  a  galvanome- 
ter, ammeter,  or  batteries.  Suitable  slide  wire  resistances  will  be 
included.  If  desired,  an  equatorial  mounting  additionally  will  be 
be  furnished  at  cost,  so  that  the  instrument  can  be  used  as  a  pyr- 
heliometer at  right  angles  to  the  solar  beam. 

SUMMARY 

The  authors  have  designed  and  tested  with  satisfactory  results 
an  instrument  for  measuring  solar  and  sky  radiation  by  day  and 
terrestrial  radiation  by  night.  Two  forms  of  the  instrument  are 
described.  Either  form  will  be  furnished  at  cost  by  the  Smith- 
sonian Institution  to  institutions  or  individuals  doing  important 
investigation  which  will  be  promoted  by  using  the  instrument. 
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THREE  NEW  AFRICAN  SHREWS  OF  THE  GENUS 

CROCIDURA 

By  N.  HOLLISTER 

Since  the  publication  of  Mr.  Guy  Dollman's  synopsis  of  the 
African  shrews  of  the  genus  Crocidura,^  the  East  African  specimens 
of  this  group  contained  in  the  United  States  National  Museum,  over 
500  in  number,  have  been  critically  examined.  Three  hitherto 
unnamed  forms  have  been  found  in  this  collection.  Of  these,  one 
was  collected  by  the  Smithsonian  African  Expedition,  1910;  one  by 
the  Rainey  African  Expedition,  191 2;  and  one  was  sent  to  the 
museum  by  Mr.  H.' J.  A.  Turner,  of  Nairobi. 

CROCIDURA  DAPHNIA,  sp.  nov. 

Type  from  Gondokoro,  Uganda.  U.  S.  National  Museum  No. 
164898,  skin  and  skull  of  adult  $  (teeth  moderately  worn).  Col- 
lected February  19,  1910,  by  J.  Alden  Loring.    Orig.  No.  9009. 

Description. — Like  specimens  of  the  brown  phase  of  Crocidura 
nyansa  Neumann,  but  somewhat  paler  in  color,  the  sides  especially 
paler,  and  line  of  demarcation  between  color  of  upperparts  and  under- 
parts  more  sharply  drawn.  Upperparts  grayish  buffy-brown  or  drab 
buff,  with  a  pale  cinnamon  wash ;  sides  paler,  with  a  more  buffy 
wash ;  hairs  of  side  glands  almost  white ;  underparts  yellowish  buflf, 
the  chin,  throat,  and  patches  of  new  pelage  buffy  white ;  feet  buffy- 
brown  ;  tail  blackish-brown  above,  lighter  below,  the  hairs  on  basal 
third  below  whitish  buff.  The  tail  is  closely  haired  and  has  many 
longer  bristles  on  basal  two-thirds.  Skull  and  teeth  essentially  as 
in  nyanstp,  and  size  as  in  that  form. 

Measurements  of  type. — Head  and  body,  142  millimeters;  tail 
vertebrae,  79;  hind  foot,  dry  without  claws,  19.  Skull  (braincase 
broken):  maxillar>'  breadth,  9.4;  palatal  length,  12.8;  length  of 
mandible,  15.5;  upper  tooth  row,  entire,  13.6. 

Remarks. — This  new  shrew  is  probably  a  connecting  link  between 
Crocidura  nyans(c  Neumann  and   C  doriana  Dobson.     It  is  the 


'Annals  and  Mag.  Nat.  Hist.,  Ser.  8,  Vol.  15,  pp.  508-527.  May;  pp.  562-575» 
June,  1915 ;  Vol.  16.  pp.  66-80,  July ;  pp.  124-146,  j\ugust :  i>p.  357-38o,  October ; 
pp.  506-514,  December,  1915;  and  Vol.  17,  pp.  188-200.  February.  1916. 
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-iK-cie-  referred  bv  Dollman '  to  C.  sururtr  Heller,  of  Lado,  but 
it  i-  quite  a  different  form  of  the  same  group,  larger  and  lighter 
colore- i.  The  Nile  is  apf>arently  a  barrier  between  these  two  forms 
and  the  -pecin-eii^  from  Wadelai  and  Mongalla  mentioned  by  Dollman 
i:nder  Siruric  r^eem  to  represent  this  new  species.  Dollman  mentions 
a  \ery  [)ale  colored  example  of  the  C.  nyansvc  group  from  Unyoro 
a-  in  -unie  ways  intermediate  between  nyanstr  and  the  specimens 
from  ea-t  of  the  Nile  which  he  referred  to  sururiC.  Two  similar 
Ni^eciinen-  from  Unvoro  <  Hoima  and  Butiaba  i  in  our  collection 
indicate  the  >tronc:  probability  of  direct  intergradaiion  between  these 
form-. 

CROCIDURA  PARVIPES  NISA,  subsp.  nor. 

I  \pc  fn»m  Kibabe,  Kisuniu.  British  East  Africa.  U.  S.  National 
M:;-riim  X<>.  1XJ440.  skin  and  skull  of  adtilt  2  <  teeth  moderately 
worm.     <  MJkctcd   January   20.    i';i-^.   by    F.dnumd   Heller.      Orig. 

/>cscriptin}i—-A  small,  short-tailed  form  related  to  Crocidura 
lutrella  Helkr  and  to  C.  panpipes  0>jL:o<Mi.  Color  almost  precisely 
as  in  the  type  of  pnrz'ipes,  but  upperparts  sli^^rhtly  darker;  tail  darker, 
more  l^lacki^h.  above;  and  oiuer  si<le  of  arms  same  color  as  upper- 
part-  of  body,  not  whitish  as  in  parzipes.  Skull  about  same  size  as  in 
parz'ipcs  l)Ut  with  heavier  ro-irimi  and  wider  ]>alate.  the  imicuspid 
row-  further  apart;  small  upper  tmicusj)id  teeth  of  aj)proximately 
-an If  -i/e  an<l  well  overlai)ped.  as  in  parz'ipcs. 

Mc'.isiirctnoits  of  type. — Head  and  body.  80;  tail  vertebrae.  38; 
hind  foot,  dry,  11.3.  Skull:  condylobasal  lene^th,  19.6;  maxillary 
breadth,  h.():  breadth  of  braincase,  9.0;  median  depth  of  braincase. 
5.?:  mandible,  ii.c);  upper  toothrow,  entire.  8.9. 

/\V;//(;;'A\N'.  -  Only  a  single  sj>ecimen  of  this  new  stibsi>ecies  is  in 
tin-  (olltction.  The  localitv  from  which  it  came  is  almost  exactly 
half  \\a\  between  tlie  widely  se]>arated  rci^^ions,  Lado  Enclave  and 
tiu*  I  aita  llilK  district  of  southeastern  British  East  Africa,  which  are 
tin-  type  localities  of  the  only  obviously  closely  related  forms  (lutrella 
and  parviprs).  j'he  Field  Museum  of  Natural  History  has  kindly 
lent  me.  through  Mr.  W.  U.  Osgood,  the  type  specimens  of  Croci- 
duta  parvipcs  and  c)ther  African  shrews  for  study  in  this  connection. 
:\  specimen  from  iMjrt  Hall,  British  East  Africa,  in  the  National 
Musrum  collection,  which  I  refer  to  parvipcs  rather  than  to  nisa,  is 
clearly  intermediate  between  the  two. 

'  \\\\\.  and  Man.  Nat.  Hibt..  Ser.  8.  Vol.  15.  pp.  571-573-    June,  1915. 
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The  two  forms  most  closely  related  to  C,  p.  nisa  (parvipes  and 
lutrella)  were  placed  by  DoUman  in  different  groups,  parvipes  in  the 
jacksoni  group,  and  lutrella  in  the  beirco  (hindei)  group.  Both 
obviously  belong  with  the  AindW-like  shrews  with  the  massive  maxil- 
lary processes  and  long,  narrow -rostra. 

CROCIDURA  SIMIOLUS,  sp.  nov. 

Type  from  Kisumu,  British  East  Africa.  U.  S.  National  Museum 
No.  197959,  skin  and  skull  of  adult  $  (basal  suture  obliterated  but 
teeth  little  worn).  Collected  September  25,  1913,  by  H.  J.  A.  Turner. 
Collector's  No.  3. 

Description. — Related  to  Crocidura  mntescc  Heller  and  C.  suahelce 
Heller,  but  slightly  larger  than  either  of  these  forms.  Upperparts 
of  the  type  specimen  uniform  rich  Prout\s-brown,  except  on  nose  and 
tail  which  are  much  darker  brown  :  underparts  paler,  grayish  brown. 
Other  skins  from  Kaimosi  and  Kibabe  are  darker  than  the  type. 
Skull  like  that  of  C.  mutescc  but  larger,  with  larger  teeth. 

Measurements  of  type. — Head  and  body,  113;  tail  vertebrae,  60; 
hind  foot,  dry,  17.  Skull:  condylobasal  length.  26.1:  maxillary 
breadth,  8.3;  breadth  of  braincase,  ii.i  ;  median  depth  of  braincase, 
6.4;  mandible,  13.7;  upper  tooth  row,  entire,  12.3. 

Remarks. — Four  specimens  of  this  new  shrew  are  in  the  collection. 
All  are  from  the  vicinity  of  Kavirondo  Gulf,  in  the  Kisumu  district, 
and  were  taken  in  localities  where  the  larger  C.  nyansce  is  common. 
Skins  of  this  species  might  readily  be  confused  with  nyansce  or 
kijaba:,  but  specimens  may  be  easily  separated  by  the  small  skull  and 
teeth.  Young  examples  of  yiyansce  always  have  much  larger  teeth 
than  adults  of  simiolus.  The  coast  species,  C.  suahelce,  and  the 
Uganda  C.  mutesce  were  placed  in  widely  separate  groups  by  Dollman 
in  his  recent  synopsis  of  the  African  species  of  Crocidura,  but  they 
are  very  closely  related  forms  and  are  the  nearest  relatives  of  C. 
simiolus.  While  perhaps  best  placed  for  the  present  in  the  fischeri 
group,  where  Dollman  considered  suahelce  to  belong,  these  three 
species  show  many  characteristics  of  the  nyansce  group,  and  approach 
in  size  the  Lado  form,  C.  sururce. 
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MAXONIA,  A  NEW  GENUS  OF  TROPICAL  AMERICAN 

FERNS 

By  carl  CHRISTENSEN,  Copenhagen 

While  working  with  the  genus  Dryopteris  I  have  had  for  examina- 
tion several  specimens  of  a  fern  which  in  my  Index  Filicum  was 
called  Polystichum  apiifolium  (Swartz)  C.  Chr.  and  later  was  re- 
ferred to  Dryopteris  by  Maxon/  Considering,  however,  that  it 
differs  widely  from  the  common  type  of  Dryopteris,  Maxon  placed 
it  in  a  special  subgenus,  for  which  he  created  the  new  name  Peisma- 
podium.  To  me  it  was  evident,  upon  very  slight  examination  of  a 
full-grown  fertile  specimen,  that  this  fern  should  certainly  not  be 
placed  in  Polystichum,  although  in  some  respects  it  resembles  P. 
adiantiforme ;  its  proper  place  seemed  to  be  in  the  genus  Dryopteris 
and  its  alliance  with  such  species  as  D.  amplissinia,  D.  ma^rostegia, 
D,  ochropteroidcs,  and  a  few  others,  which  together  form  a  very 
distinct  group  of  Dryopteris  characterized  by  a  certain  polystichoid 
habit  and,  generally,  leathery  leaves.  On  closer  examination  I  have 
found,  however,  that  in  essential  characters  P.  apiifolium  is  very 
different  from  the  species  mentioned,  and  that  it  represents  an 
apparently  monotypic  genus  of  very  great  interest,  since  it  is,  in  fact, 
a  connecting  link  between  Polybotrya  and  the  group  of  Dryopteris 
species  just  mentioned. 

The  plant  under  discussion  usually  has  decidedly  dimorphic  leaves, 
as  has  Polybotrya.  They  arc  borne  on  a  very  thick  rhizome  (2  to 
3  cm.  in  diameter),  which  is  clothed  throughout  with  long,  narrow, 
rufous  scales  and  which  climbs  on  trees  (and  cliffs?)  as  do  those  of 
Polybotrya  osmundacea,  Polystichum  adiantiforme,  and  Davallia 
canariensis.  Within  the  genus  Dryopteris  a  similar  rhizome  is  un- 
known, although  that  of  D.  amplissima  has  a  certain  resemblance  to 
it.  The  sterile  leaves  are  tri-quadripinnate,  leathery,  and  of  the 
same  general  habit  as  those  of  the  species  with  which  I  have  com- 
pared P.  apiifolium.    They  are  destitute  of  scales  and  hairs  on  the 


'Contr.  U.  S.  Nat.  Herb.  13:  39.  1909. 
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forf aces,  vfailc  tbe  azib  of  tihe 

the  nkTTQw  fnrravs  of  the 

fifled  with  a  short  luf ous 

artkuiate  hairs :  a  few 

Thus,  is  ]>i3bcsoeDce  the  ka¥cs  agree  peifctllj  widi  Ame  of  Alf* 

botrya  c>jmMm(arra,  wUk  the  leaves  of  the  speda  of  Ajpiiftow 

Polysfichum  above  meatioaed  are  scaljr  or  dUfacutlj  hny. 

Tbe  f  trrtile  karcs  also  are  tctv  diflfereut 
adianufomuc  and  all  species  of  Dryofieris.    Their  leaff 
oftcrr.  so  sreailv  contracted  that  the  whole  leaf 
skelttc/n  cons:  sting  onli'  of  the  vascnlar  parts»  vUdi 
Thus  the  fertile  leaf  resembles  not  a  little  that  of  Potfboiwym 
dacea.  a::houz:h  usually  it  is  not  so  nmch  oontrKfted.    There  o^ 
ever.  2-  ven*  :!7r»nant  difference.    Tbe  son  are  confined  Id  the 
atA  h.Tt  zrA^^^'ViiXt.  whereas  in  Polybotrya  the  sfiomigia  are  home  on 
almost  *.he  v^hole  under  surface  of  the  fertile  lobes  and  are 
covere'!  V)    ^r.   indusium.     Most  specimens  seen  have  the 
s'ron;^!-.  > !:n:orj «hous.  but  this  character  is  not  a  stable  one.    I 
T-Ao  ^:x:^::irer>.  for  example,  in  which  certain  parts  of  die 
'  miinl;.  the  upper  half  1  arc  fertile,  while  the  lower  part 
:hc'  fertile  re::nients  are  not  ncarlv  $0  mtich  contracted  as  is  the 
:r.  \:.*t  entirely  'iimorphous  form. 

J  he  indusrjm  of  P,  apii folium  is  ven>'  peculiar,  and  unique  Id  ite 
'ieve'.ornie:::.  This  is  seen  ver>'  beautifully  in  a  spedmen  fron 
Jirriiii-.ii  M'::xyn  2284a).  In  its  first  state  the  indusium  is 
little  ; TO vj'x: ranee  on  the  back  of  a  vein,  sometimes 
J>e!o'A  it-  aj'ex.  This  protuberance  elongates  toward  the 
romi-  :-.  y<^\k  ]:::ear  body,  parallel  to  the  vein  and  raised  above  iL  It 
s^y^n  Iroacien-  at  its  outer  part,  becoming  spatulate;  and  as  gimidi 
pF'^^eedf  the  margins  bend  downward  and  finally  are  firndy 
to  the  j^areT.jhyma  of  the  vein.  In  this  state  the  indusinm 
muc  h  that  of  Cystopteris  or  sometimes  that  of  DavaUia;  and  now  the 
fir-t  trai:e:r  of  the  sporangia  are  seen  on  the  vein  immediately  above 
the  1>a>e  of  the  indusitun.  This,  however,  continues  its  giowlh  at 
the  sides,  scarcely  at  the  apex,  and  thus  soon  becooKS  '"^y-ilrf  at 
the  outer  ed^c,  its  shape  being  now  nearly  circular,  with  m 
cuneate  base,  its  pedicel.  Next  the  basal  part  of  each  side  growi 
into  a  rounded  lobe,  directed  backward.  The  indusiim  has 
become  reddish  brown,  subreniform  (the  basal  sinus  beiqg  loir 
only),  and  highly  vaulted  over  the  sporangia,  around  iriiidi  it  is 
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appressed  firmly  to  the  parenchyma,  while  the  edges  themselves  are 
bent  upward.  The  two  basal  lobes  now  grow  inward  also  and  soon 
reach  each  other  or,  even,  one  may  widely  overlap  the  other. .  The 
now  full-grown  indusium  is  circular,  apparently  peltate,  glabrous 
or  with  a  few  glands  along  the  edges,  and  very  persistent. 

The  characters  mentioned — dimorphism,  peculiar  rhizomes,  and 
the  unique  development  and  morphology  of  the  indusium — ^are  to  me 
more  than  sufficient  upon  which  to  erect  a  new  genus,  which  must 
stand  between  Polybotrya  and  certain  species  of  Dryopteris  grouped 
with  D.  amplissima.  Granting  that  isomorphism  is  a  more  primitive 
character  than  dimorphism,  the  new  genus  represents  a  more  recent 
type  than  Dryopteris,  although  it  has  not  progressed  so  far  as  Polybo- 
trya, with  which  genus  it  has  most  characters  in  common.  It  still 
shows  such  dryopteroid  characters  as  having  indusia  and  sporangia 
confined  to  the  back  of  the  veins.  In  its  evolution  from  Dryopteris 
toward  a  more  specialized  type  it  has  not  progressed  so  far  that  all 
characters  have  become  fixed.  Thus  the  dimorphism  generally 
ascribed  to  the  species  is,  as  mentioned,  not  a  stable  character.  The 
occasional  subdimorphous  leaves  point  definitely  to  dryopteroid 
ancestors  with  isoniorphous  leaves. 

It  is  a  special  pleasure  to  me  to  have  got  permission  to  dedicate 
this  interesting  new  genus  to  Mr.  William  R.  Maxon,  Associate 
Curator  of  the  U.  S.  National  Herbarium,  who  has  contributed  very 
much  to  our  knowledge  of  the  ferns  of  tropical  America  by  his  ex- 
cellent collections  of  these  plants  in  Jamaica,  Cuba,  and  Central 
America,  and  by  numerous  papers  in  which  he  has  succeeded  in 
unraveling  with  acumen  several  intricate  groups  of  that  difficult 
division  of  plants. 

MAXONIA  C.  Chr.,  gen.  nov. 
Type  :  Dicksonia  apiifolia  Swartz,  the  only  species  known. 

MAXONIA  APIIFOLIA  (SwarU)  C.  Chr.,  comb.  nov. 

Dicksonia  apiifolia  Swartz,  Journ.  Bot.  Schrad.  1800*:  91.  1801. 
Dryopteris  apiifolia  Kuntze,  Rev.  Gen.  PI.  2:  811.  1891  ;  Maxon, 

Contr.  U.  S.  Nat.  Herb.  13:  39.  1909. 
Aspidium  ascendens  Hew.  Mag.  Nat.  Hist.  II.  2:  463.  1838;  Hook. 

Sp.  Fil.  4:  32.  pi  224.  1862. 
Polystichum  apiifolium  C.  Chr.  Ind.  Fil.  578.  1906. 
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The  type  specimen  of  this  species  (Herb.  Storkhnhn)'  was  col- 
lected in  Jamaica  by  Swartz  and  consists  of  sterik  ksvct  onljr. 
Other  specimens  studied  arc: 

Jamaica  :  HoUymount,  Mount  Diabolo,  alt.  750  meters.  Masmi 
2284,  2284a,  2284b.     Near  Troy,  alt  600--660  tadbam, 
Maxon  2822 ;  Underwood  2862,  2934.    ( All  in  U.  S.  Nat 
Herb.) 
Cuba  :  Ramon  de  la  Sagra.    (Herb.  Berol.) 
While  the  Cuban  specimens  are  fully  identical  with  sobdiinorphoas 
ones  from  Jamaica,  a  plant  from  Guatemala  is  somewhat  different 
Still  the  differences  are  rather  small  and  the  plant  must  be  regarded 
provisionally  as  a  variety  of  this  species : 

MAXONIA  APUFOLIA  DUALIS  (Donn.  Sm.)  C  Chr.,  oomb.  bot. 

Xcphrodium  duale  Donn.  Smith,  Bot.  Gaz.  15:  29.  pi.  4.  1890. 

This  differs  from  the  typical  Jamaican  plant  in  its  very  thidc 
(4  cm.)  rhizome,  which  is  very  densely  covered  with  glossy,  silky, 
rufous  scales  that  are  quite  entire,  while  in  the  Jamaican  plant  the 
rhizome  scales  are  finely  toothed,  especially  toward  their  threadlike 
apex.  The  continental  plant  is,  as  a  whole,  of  larger  growth,  and  the 
fertile  leaf  is  greatly  contracted,  with  very  large,  distinctly  reniform, 
pale  brown  indusia. 

(iL'ATKMALA :  Pausamala,  Dept.  Alta  Verapaz,  von  Turckheim; 
distributed  by  John  Donnell  Smith  as  no.  1408.  (The  type 
specimens,  U.  S.  Nat.  Herb.  nos.  831030,  831031.) 

Copenhagen.  April  10,  1916. 
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THREE  NEW  MURINE  RODENTS  FROM  AFRICA 

By  N.  HOLLISTER 

The  following  heretofore  overlooked  forms  of  murine  rodents 
have  been  found  in  the  collections  made  by  the  Smithsonian  African 
Expedition  in  1909  and  1910. 

ARVICANTHIS  ABYSSINICUS  CENTROSUS,  subsp.  nov. 

Type  from  Rhino  Camp,  Lado.  No.  165 167,  U.  S.  National  Mu- 
seum, skin  and  skull  of  male  adult  (teeth  moderately  worn) ,  collected 
Januar}'  21,  1910,  by  J.  Alden  Loring.    Grig.  No.  8817. 

SubspeciAc  characters, — ^DiflFers  from  Arvicanthis  abyssinicus 
rubescens  Wroughton  €►£  Uganda  in  its  much  darker  color  and 
larger  teeth. 

Color  of  type  specimen. — General  appearance  of  upperparts  black- 
ish gray,  or  blackish  grizzled  with  grayish  buff ;  hairs  of  back  mostly 
broadly  blackish  at  base,  with  subapical  area  of  yellowish  buff,  and 
tip  of  black ;  mixed  with  these  are  numerous  hairs  wholly  black  in 
color.  Rump  and  lower  back  slightly  more  reddish  brown  than  head, 
shoulders,  and  forward  parts  of  back ;  sides  lighter  than  back,  the 
undercolor  paler  and  the  buff  rings  on  the  hairs  less  yellowish. 
Underparts  dirk  grizzly  drab,  all  the  hairs  blackish  at  bases  and  with 
drab-gray  tips.  Ears  well  clothed  with  black  and  yellowish  buff 
hairs,  much  the  color  of  head  and  upper  back:  The  buffy  ochraceous 
nose  and  eye-ring  are  faintly  marked.  Hands  and  feet  blackish 
brown,  the  feet  with  black  centers.  Tail  bicolor,  brownish  black 
above,  grayish  buff  below. 

SkuU  and  teeth, — Skull  essentially  as  in  Arvicanthis  abyssinicus 
rubescens;  teeth  distinctly  larger. 

Measurements  of  type  specimen. — Head  and  body,  129  milli- 
meters ;  tail  vertebrae,  114;  hind  foot,  dry,  without  claws,  29.  Skull : 
Condylobasal  length,  31.2;  zygomatic  breadth,  16.5;  interorbital 
breadth,  4.8^  length  of  nasals,  11.7 ;  length  of  mandible,  20.5 ;  upper 
tooth  row,  alveoli,  6.9 ;  lower  tooth  row,  alveoli,  7.0. 

Specimens  examined. — Sixteen,  all  from  the  type  locality. 

/femar/?^.— This  new  subspecies  of  Arvicanthis  abyssinicus  re- 
sembles A,  a.  nubilans  of  the  Kisumu  Province,  British  East  Africa, 
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ven'  much  in  color,  but  is  a  slightly  smaller  animal  with  a  longer 
tail.  The  ranj^es  of  the  two  forms  are  separated  by  that  of  A,  a. 
rubesceus,  which  occupies  the  eastern  side  of  the  Nile  system  in 
I'ganda.  from  Ankole  to  Gondokoro.  The  Nile  appears  to  be  an 
effective  ])arri':T  between  the  ranges  of  the  subspecies  rubescens  and 
centrostis.  In  Lado  this  new  form  ranges  with  Arvicanthis  tes- 
ticularis  j  eh  dec  1  feller,  but  specimens  can  readily  be  separated  from 
skins  of  that  form  by  their  much  darker  color,  above  and  below 
\jebehc  has  a  white  belly,  sharply  marked  from  the  color  of  the 
flanks),  and  l»y  the  shorter  tail. 

DASYMYS  HELUKUS  NIGRIDIUS,  subsp.  nov. 

'lype  from  Xaivasha  Station,  l>ritish  East  Africa,  skin  and  skull 
of  female  adult  (teeth  moderately  worn),  collected  August  20,  1909, 
l)y  J.  Alden  Loring.    Orig.  Xo.  705.4. 

Suhspccitic  characters. — Differs  from  Dasymys  helukus  helukus 
and  P.  //.  savdiijius  in  larger  size  and  darker  color;  skull  and  teeth 
larger.     I'ur  long  and  silky. 

Colo*^  of  type  specimen. — General  color  of  upperparts  brownish 
fuscous,  darker  on  mid-dor.sal  line  where  there  is  considerable  purple 
and  green  iridescence;  ])aler  and  more  brownish  on  sides,  where  the 
colors  blend  into  the  much  lighter  grayish  buff  of  the  underparts. 
ihe  upi)erparts  are  everywhere  speckled  with  fine  lines  of  golden 
huff:  under  fur  dark  neutral  gray.  Head  and  cheeks  brownish  g^ay, 
with  considerable  of  the  greenish  iridescence  around  eyes  and  be- 
tween ears ;  ears  dull  seal  brown.  I'nderparts  grayish  buff,  the  hair 
long;  neutral  gray,  tipped  with  olive  buff.  Hands  and  feet  thinly 
covered  with  long  hairs  of  brown,  darker  than  in  the  neighboring 
forms.  Tail  closely  annulated ;  the  nimierous  hairs  of  brown  above 
and  buff'  below  not  covering  the  scales. 

Skull  and  teeth. — Skull  somewhat  larger  than  in  either  of  the 
neighboring  forms,  helukus  and  saz^annus,  with  higher  sinciput, 
heavier  rostrum,  and  greater  interorbital  breadth.    Teeth  larger. 

Measurements  of  type  specimen. — Head  and  body,  176;  tail  ver- 
tehne,  162;  hind  foot,  36  (dry,  without  claws,  33.2).  Skull:  Con- 
dylobasal  length,  38.4;  zygomatic  breadth,  20.1;  length  of  nasals, 
13.8;  interorbital  breadth,  4.7;  upper  tooth  row,  alveoli,  8.0;  lower 
t(K)th  row,  alveoli,  7.6. 

Specimens  examined. — Nineteen  from  the  type  locality  and  one 
from  the  Aberdare  Mountains  at  7,o(X)  feet. 
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Remarks. — This  is  the  largest  of  the  British  East  African  forms  of 
Dasymys.  It  is  further  distii^;tiished  by  its  very  dark  color  (almost 
blackish  in  some  lights),  long,  silky  pelage,  and  larger  skull  and  teeth. 
Skins  of  young,  about  half-grown  animals,  are  especially  dark  as 
compared  with  the  young  of  Dasymys  h,  savannus. 

MUS  BELLUS  PETILUS,  rabsp.  noT. 

Type  from  Southern  Guaso  Nyiro  River,  British  East  Africa. 
No.  162397,  U.  S.  National  Museum,  skin  and  skull  of  male  adult 
(teeth  much  worn),  collected  June  28,  1909,  by  J.  Alden  Loring. 
Orig.  No.  6450. 

SubspeciHc  characters. — Like  Mus  beUus  bellus  (Thomas)  of 
Machakos,  but  with  smaller,  more  slender  skull. 

Measurements  of  type  specimen. — Head  and  body,  54;  tail  ver- 
tebrae, 44;  hind  foot,  dry,  without  claws,  12.3.  Skull:  Condylobasal 
length,  16.1;  zygomatic  breadth,  8.4;  breadth  of  braincase,  7.9: 
length  of  nasals,  7.0;  length  of  mandible,  9.8;  upper  tooth  row, 
alveoli,  2.9. 

Specimens  examined. — Three  from  the  Southern  Guaso  Nyiro  and 
one  from  Naivasha. 

Remarks. — Compared  with  large  series  of  specimens  of  the  neigh- 
boring form,  Mus  bellus  bellus,  the  specimens  of  the  new  subspecies 
petUus  are  sharply  distinguished  by  their  small,  slender  skulls.  The 
color  of  the  skins  is  as  in  true  bellus,  and  therefore  is  very  different 
from  the  color  of  M.  b.  zHcinus  and  M.  b.  enclave:,  both  of  which  have 
larger  skulls,  like  true  bellus. 
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ON  THE  USE  OF  THE  PYRANOMETER 
By  C.  G.  ABBOT  a»d  L.  B.  ALDRICH 

We  described  the  pyranometer  in  an  earlier  paper.*  Its  purpose  is 
to  measure  the  radiation,  originally  a  part  of  the  solar  beam,  which 
reaches  a  horizontal  surface  by  scattering  from  all  parts  of  the  sunlit 
sky ;  or  to  measure  at  night  the  loss  of  heat  of  a  blackened  horizontal 
surface  by  reason  of  its  long-wave  radiation  toward  the  whole  sky. 
The  pyranometer  may  be  used  also  to  measure  solar  radiation.  We 
published  in  our  earlier  paper  a  comparison  between  observations  of 
solar  radiation  with  the  pyranometer  and  the  pyrheliometer,  and 
these  showed  almost  exact  agreement.  As  these  measurements  were 
made  at  various  altitudes  of  the  sun  from  about  lo"  upward,  they 
indicated  strongly  the  probable  accuracy  of  the  pyranometer  for 
sky  radiation,  which  comes  from  all  angles. 

Further  use  of  the  instrument  has  not  diminished  our  confidence 
in  its  accuracy,  but  we  have  found  it  necessary  to  alter  the  method 
of  reading  with  it.  As  staled  in  our  earlier  paper,  the  pyranometer 
is  developed  from  the  plan  of  the  Angstrom  electrical  compensation 
pyrheliometer.  A  thermo-electric  couple  connected  to  a  moving  coil 
galvanometer  indicates  diflferences  of  temperature  between  the  two 
blackened  metallic  stri]).s  which  form  the  receiving  surfaces  for  radia- 
tion; and  a  heating  current  of  electricity  furnishes  to  these  strips  a 
quantity  of  energ>'  whose  measured  intensity  is  the  index  of  the 
intensity  of  the  absorbed  radiation.  Tn  our  first  observations  we  found 
that  neariy  30  seconds  must  elapse  after  throwing  on  a  heating 
current  before  a  new  state  of  temperature  equilibrium  becomes  com- 
pletely established,  as  shown  by  a  steady  state  of  the  galvanometer. 
Accordingly  we  adopted  the  custom  of  waiting  30  seconds  after  each 
exposure  to  radiation,  in  order  that  the  steady  state  might  be  reached, 
before  recording  the  galvanometer  deflection.  At  Mount  Wilson 
our  attention  was  drawn  to  a  phenomenon  unnoticed  at  Washington. 
When  exposing  the  instrument  to  sunlit  sky,  through  the  glass 
hemisphere  used  to  cut  off  long-wave  rays,  the  deflection  of  the 
galvanometer  came  to  a  maximum  within  5  seconds,  and  then  con- 

*  Smithsonian  Misc.  Coll.,  Vol,  66,  No.  7- 
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second  swing  occurs.  Of  two  galvanometers  tried  by  us  both  gave 
about  2  seconds'  time  of  single  swing  on  open  circuit,  but  when  closed 
on  the  pyranometer  alone,  one  gave  no  second  swing  at  all,  the  other 
a  second  swing  of  about  1/20  the  magnitude  of  the  first.  By  insert- 
ing 75  ohms  or  more  resistance  in  series  with  the  first  galvanometer, 
it  also  gave  a  second  swing,  and  the  time  of  single  swing  of  each 
galvanometer,  when  just  giving  a  second  swing,  was  about  4  seconds. 
Even  with  75  ohms  in  series,  the  first-tried  galvanometer  gave  about 
twice  as  much  deflection  as  the  other,  but  for  several  reasons  we  at 
length  preferred  the  second  one.  This  was  a  galvanometer  by  Rose, 
of  Upsala,  Sweden,  made  for  use  with  the  Angstrom  pyrheliometer. 
Its  resistance  is  about  15  ohms.  The  resistance  of  the  pyranometer 
is  30  ohms.  When  used  with  the  pyranometer,  whether  with  or  with- 
out additional  resistance  of  200  ohms  or  less  in  series,  the  Rose 
galvanometer  completes  its  first  swing  in  about  4  seconds. 

We  next  made  tests  with  the  heating  current  and  with  radiation 
at  night  to  see  if  the  first  swing  is  ]jro})ortional  to  the  final  deflec- 
tion. We  found  this  to  be  the  case.  We  also  found  that  both  with 
the  heating  current  and  with  ncK^tunial  radiation,  not  only  the  first 
swing  but  the  deflections,  attained  after  10,  15,  20,  25,  and  30 
seconds,  maintained  certain  definite  proportions  to  the  final  deflection, 
no  matter  what  the  strength  of  the  current,  or  the  intensity  of  the 
observed  radiation.  We  also  found  that  when  proper  allowance  was 
made  for  the  non-uniformity  of  sensitiveness  of  the  galvanometer 
for  large  and  small  deflections,  the  deflections  observed  due  to 
heating  currents  were  exactly  proportional  to  the  s(|uare  of  the 
heating  current  employed. 

These  facts  ascertained,  the  way  seemed  clear  to  avoid  the  source 
of  error  mentioned  alwve,  and  at  the  same  time  to  greatly  increase 
the  rapidity  of  reading  the  instnmient,  and  also  to  avoid  drifting  of 
zero,  so  apt  to  occur  in  long  exposures.  In  short  for  all  daylight 
observations  we  adopted  the  plan  of  reading  first  swings,  and  of 
omitting  exact  adjustments  of  the  energy  of  the  heating  currents  to 
equal  that  of  the  observed  radiation.  ( )ur  present  procedure  in  day 
work  is  as  follows : 

(i).  On  exposure  to  radiation,  read  the  first  swing  of  the  galva- 
nometer, and  immediately  close  the  shutter. 

■  (2)  After  30  seconds  or  more  throw  on  a  heating  current  sufficient 
to  cause  a  deflection  approximately  ecjual  to  that  from  the  radiation, 
and  again  note  the  first  swing,  and  the  exact  strength  of  the  heating 
current. 
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(3)  Let  27 j;  be  the  deflectioo  due  to  nuliatioo,  Dc  the  deJfaction 
due  to  heating  current,  C  the  strength  oi  cnrrciit,  and  JC  the  conHanT 
of  the  pyranometer.  ( For  our  pyruidmeter,  A.  P.  O.  No.  6^  K=:  a,54.) 

Then  the  intensity  of  radiation  /?=iC  7?^  C*. 

For  the  observation  of  nocturnal  radiation  we  namftiniri  use  the 
same  method,  but  generally  we  effect  an  exact  con^iensation  of  die 
nocturnal  radiation  by  adjusting  the  heating  current  to  reduce  tbe 
galvanometer  deflection  to  zero.  In  this  way  the  temperature  of 
the  strips  is  brought  back  to  the  temperature  of  the  air,  and  exfieri- 
ence  shows  that  even  on  windy  nights  the  galvanometer  is  steady 
under  these  conditions.  When  the  glass  hemisphere  is  removed 
for  night  work,  the  constant  of  the  pyrancmieter  is  decreased  from 
2.54  to  2.41 .     ( See  our  earlier  paper.) 

When  in  the  use  of  the  pyranometer  deflections  are  observed 
too  large  for  convenient  reading,  a  suitable  resistance  is  used  in 
series  with  the  galvanometer.  In  new  instruments  a  little  switch  is 
provided  for  this  purpose  and  marked  G.  It  provides  three  degrees 
of  sensitiveness  according  as  open  or  closed  on  one  side  or  the  other. 

SAMPLE  OBSERVATIONS  MADE  ON  MOUNT  WILSON 

On  the  proportion  borate  by  the  deflections  observed  after  Axed 
intervals  to  the  final  deflections  due  to  different  heating  curr^nis. 
Glass  hemisphere  on. 

A.  With  German  galvanometer.    Resistance  58  ohms. 

I .  Current  strength,  0.200  amperes.  No  extra  resistance  in  drcait, 
and  no  definite  first  swing.  * 


Time  in  seconds. . . 
Deflection  in  cm  . . 
Proportion  of  final 


5. 

1 
10 

7.34 

8.93 

j 

.;8i 

!  .950 

1 

15  1    20     25 

9  24  .9.32  9.35 

.983    .991:  .993 

I  I 


30  ,    40 
9.36  9.37 
.9961  .997 


50 

9.38 
.998 


60 


9.»  9.40 


.999 


75 


1. 000 


2.  Current  0.400  amp.     Extra  resistance  60  ohms.    Deflections 
20  to  23  cm. 


Proportion  of  final. 


i  '  ■  . 

.9671  .987    .994!  .998    .999 


999    .999i.OOOX.OOO 


3.  Current  0.605  amp.    Extra  resistance  260  ohms.    DeAectioos 
20  to  23  cm. 


Proportion  of  final. 


.870    .966 


.987 


.993j  .995i  .999 


999 


.99911.000 
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4.  Current  0.802  amp.    Extra  resistance  560  ohms.    Deflections 
18  to  22  cm. 


Proportion  of  final. 


.820 


.956"  .987 


.995 


.997 


.999^1. 


000 


1. 000 


1. 000 


•999 


B.  With  Swedish  galvanometer.*    Resistance  15  ohms. 

I.  Current  0.300.    No  extra  resistance.    Deflections  2.8  to  3.0  cm. 


Time  in  seconds |    4 

Proportion  of  final.    .915 


10 


15 


965    .984 


20 
.994 


25 


30  !    40  ;    50      60 


75 


•  994    . 997! I -oooi 1. 000. 1. 0001 1. 000 


2,  Current  0.385.    No  extra  resistance.    Deflections  4.6  to  5.0  cm. 


Proportion  of  final. 


.915 


965 


•985 


.995!  .99^   .99811.000  1. 000 


1. 000 


1. 000 


From  these  experiments  we  see  that  the  deflection  attained  after 
the  first  swing,  or  after  any  specified  interval,  is  closely  proportional 
to  the  final  deflection  whatever  the  strength  of  the  heating  employed. 
The  final  deflection  is  approximately  attained  in  20  seconds. 

On  the  proportion  bortie  by  the  deflection  observed  after  fixed 
intervals  to  the  final  deflection,  due  to  emission  of  nocturnal  radiation. 
Ghss  hemisphere  off. 

A.  German  galvanometer.    No  extra  resistance. 


Time  in  seconds |      5 

Deflection  in  cm g.28 

I 

Proportion  of  final .781 


Previous  result  with  current. . . 


.835 


10 

15 

20 

1 
-25 

11.40 

11.84 

11.90 

11.79 

.959 

.996 

1. 001 

.99-2 

.960 

.986 

.993 

.996 

Final 

11.89 
1. 000 
1. 000 


B.  Swedish  galvanometer.*    No  extra  resistance. 


Time  in  seconds 

Deflection  in  cm 

Proportion  of  final 

Previous  result  with  current. . . 


4 
1.90 


10  I   15 

I 
2.00  :  2.02 


JO 
2.06 


.9101   .957'   .967J   .985 
.915!   ■965!   .9841   -995 


-25 
2.05 

.981 

.996 


Final 
2.09 
1. 000 
1. 000 


*We  here  read  the  first  swing,  which  occurred  in  approximately  4  seconds. 
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From  these  experiments 
deflection  due  to  rtnisiinn  of 
the  same  proportions  of  its  final  valne  that  oocnr 
currents  are  observed.  Hence  «c  nay  mnchidc  that  the  tme  deflec- 
tion due  to  the  radiation  of  the  sun  or  the  smdit  dgr,  if  lodi  deflec- 
tions could  be  observed  apart  from  the  aeoondaiy  m^Jm^  ^IKf^ty 
described  above,  would  follow  the  same  law  of  ««f^T^tr  with  luae 
of  time  as  does  the  deflection  doe  to  current.  Thus  iff  the  one  is 
obser\'ed  when  the  first  swing  is  complete,  the  other  should  abo  be 
so  observed  to  yield  conqnrable  results. 

On  the  degree  of  uniformity  of  the  scale  of  the  SweJid^  g&kfm- 

fiometer. 

A  constant  source  of  electromotive  force  having  been  provided, 
deflections  of  the  galvanometer  were  observed  when  the  following 
values   formed  the  total  resistances  in  the  galvanometer  drcnit 


Resistance  in  ohms  H 10014     6014  3514     2514      1614      1214 

First  Nwinn  D -?.3-'     3-99  6.96     9.81    15.42   ao. 70 

Final  dcfltction  /,>, i.O?     J-Ji  5.80     8.16    12.88  '17.20 

1.208  1.206  1. 200  I.202  1. 197  1.203 

Product /^X/V ■■■  2S230   23970  244JO   24630   24910:25150 


Ratio  ,^  . 


I'rom  these  experiments  it  appears  that  the  first  swing  is  cloody 
j^roportional  to  the  final  deflection  for  all  parts  of  the  scale.  But 
the  scale  is  evidently  far  from  uniform,  and  gives  greater  sensitive- 
ness for  large  deflections. 

On  the  proportionality  betzceen  deflection  and  the  square  of  the 
hcatin<^  current  applied  to  the  pyranometer. 

Test  made  with  Swedish  galvanometer,  reading  first  swings. 


Dfflfctifm  P. 


Ratio 


n 


Sensitiveness  factor  from  scale  test  S. . 

C'S 
Product    p 


1 

-  - 

.0395 

.1580 

.3472 

.6092 

1. 175 

4.83s 

io.g3 

ao.oo 

.3361 

.3268 

.3176 

.3146 

(234) 

241 

247 

251 

(;88) 

788 

787 

7« 
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From  these  experiments  it  appears  that  when  proper  allowance  is 
made  for  non-uniformity  of  the  sensitiveness  of  the  galvanometer 
scale,  the  deflection  observed  is  exactly  proportional  to  the  square 
of  the  strength  of  the  heating  current  applied  to  the  pyranometer. 
Hence  it  follows  that  if  a  certain  current  Cj  produces  a  deflection  Dp 
and  a  certain  radiation  R  produces  a  slightly  different  deflection  D», 
the  radiation  R  would  be  exactly  compensated  by  a  current  Co  such 

C  ^      D        ^  ' 
that  ^j  =  f}.    This  valuable  result  enables  us  to  dispense  with  the 

tedious  process  of  producing  exact  compensations. 

On  the  method  of  observing  in  daytime  with  the  pyranometer  as 
illustrated  by  sample  observations  on  Mount  Wilson. 


Timi- 


2h28mo" 


JO  JO 


33  30 


35  30 


Zero 

1. 00 
0.88 

1.15 
1.28 


August  7,  1916 


First     I  Defl. 
swing  IJ 


14.26  3  .26 

13.78  J. 90 

14.47  i'Z^ 

I4  48,  3.20 


Object 


Current 

(C) 
.impcres 


Ca 


Sky 

Current 223 

Sky 

Current 231 


.0497 


.0171 


.o§34      .0167 


Calo 
ries 


0.13: 


0.140 


i  I 

4.981    21.961  6.98  !  Sun  and  sky 1.240 


4.99 


20.18    5.19 


4.99:    21.86    6.87 


Current 607 

Sun  and  sky 


.368      .0709 


1 .220 


4.921    20.301  5.38   Current 


610 


.372      .o6(;i 


On  the  method  of  obsennnj^;;  at  night  with  the  pyranometer  as 
illnstrated  by  sample  observations  on  Mount  IVilson. 


August 

7. 

1916 

Time 

Compensating 
j      current  C 
1        amperes 

c- 

1 

Calories 

1 

7''55"'0^ 

.jS5 

.0810 

.  «95 

57  ^ 

.280 

.  0782 

.188 

800 

.281 

.0789 

'          .  190 

NoTK.—Quite  windy,  but  the  galvanometer  remained  steady 
vhen  balance  was  reacned. 
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On  the  comparison  of  solar  readmgs  by  lih#  pyrmiameier  mud 
Pyrheliometer  as  obssfvsd  on  Mount  Wilson. 

Observations  made  with  pyranometer  A.  P.  O.  Na  6  and  aeoondaiy 
pyrheliometer  A.  P.  O.  No.  IV.    Results  in  calories  per  Gm.'  per  nun. 


August  &,  igid.    Hour  Amcus  1*5^  to  i^iT* 


Secant  Z 

Pyranometer  X  secant  Z 
Pyrheliometer 


Difference +  .017 


August  7,  1916.    Houa  Angles  5*35*  to  S^" 


Secant  Z 

Pyranometer  X  secant  Z. 

Pyrheliometer 

Difference 


4.017 

3.80B 

3.630 

1.064 

1.079 

1. 104 

1.067 

1.077 

1.087 

+  .003 

—   .002 

—   .017 

3.448 

1. 109 
1. 118 
+  .009 


From  these  experiments  it  appears  that  the  pyranometer  gives 
values  of  solar  radiation  comparable  in  accuracy  with  those  observed 
with  the  pyrheliometer.  As  the  results  are  of  satisfactory  acciincy 
at  both  great  and  small  zenith  distances,  the  pyranometer  may  be 
supposed  to  give  accurate  results  on  the  sky,  which  involves  all  zenidi 
distances. 

DIRECTIONS  FOR  OBSERVING  AND  REDUCING  OBSERVATIONS 

Employ  a  galvanometer  of  not  more  than  60  ohms  resistance  giving 
a  first  swing  within  5  seconds.  If  too  sensitive  diminish  its  deflection 
by  a  suitable  resistance  in  series.  Employ  a  heating  current  adjust- 
able from  zero  to  0.8  amperes.  If  a  storage  battery  is  available  it 
will  be  found  the  most  satisfactory  source  to  furnish  the  cnrrenty 
but  dry  cells  may  be  used.  A  simple  slide  wire  rheostat  is  required  for 
nocturnal  work.  Employ  an  accurate  ammeter  for  reading  tiie 
current  strength. 

Daylight  work. — Place  the  pyranometer  on  a  level  surface  in  the 
place  where  the  intensity  of  radiation  is  to  be  measured.  If  the  son 
is  sometimes  to  be  shaded  off,  adjust  the  flat  arc  (which  is  the  sun- 
shade support)  to  lie  north  and  south,  set  the  arc  to  the  latitude  of 
the  place,  and  set  the  shade  to  cast  its  shadow  centrally  on  the  pyrano- 
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meter.  The  shade  is  to  be  turned  forward  as  the  sun  goes  westward. 
Employ  the  glass  hemisphere  in  measurements  of  direct  or  scattered 
sun  light.  Remove  it  for  nocturnal  measurements.  Be  sure  the 
glass  screen  has  no  dirt  or  finger  marks  upon  it.  (The  glass  may  be 
cleaned  by  breathing  upon  it  and  while  damp  wiping  with  clean  cloth 
or  cotton.)  When  ready  to  observe,  read  the  position  of  the  galva- 
nometer scale,  open  the  shutter,  read  the  first  swing,  close  the  shutter, 
wait  a  half  minute,  read  the  galvanometer,  throw  on  a  current  suit- 
able to  give  about  the  same  swing,  read  the  first  swing,  and  read  the 
current  strength. 

Let  the  deflection  due  to  radiation  be  Dj^  that  due  to  current  be  Dc, 
the  constant  of  the  instrument  be  K  ( =2.54  for  pyranometer  A.  P.  O. 
No.  6  with  glass  on).    Then  the  result  in  calories  per  cm.=  per  min. 

is  K  j^^  O.     Where  there  is  non-uniformity  of  the  galvanometer 

scale,  as  here,  it  is  of  course  necessary  that  Dq  shall  not  differ  greatly 

from  Db'    We  generally  form  the  quotient  ^   and  take  the  mean  of 

several  values  of  it  to  use  for  neighboring  values  of  radiation. 

Night  work. — The  glass  hemisphere  is  removed.  When  ready  to 
read  note  the  zero  of  the  galvanometer.  On  opening  the  shutter  a 
negative  deflection  occurs.  The  zero  of  the  galvanometer  is  then  to 
be  restored  by  throwing  on  a  suitable  current,  and  adjusting  its 
strength  by  means  of  the  slide  wire  rheostat  until  exact  compensa- 
tion is  reached.  This  should  occupy  not  less  than  30  seconds  to 
enable  the  apparatus  to  reach  a  steady  state.  Read  the  current,  C. 
The  intensity  of  radiation  is  given  by  KC^,  where  A'  is  the  constant 
of  the  pyranometer  with  glass  removed.  (F'or  pyranometer  A.  P.  O. 
No.  6,  A'  is  then  2.41.) 

SUMMARY 

Test  experiments  tend  to  verify  the  accuracy  of  the  pyranometer. 
A  new  method  of  observing  is  described  which  conduces  to  more 
accurate  results  and  to  quicker  operation.  Sample  observations  are 
given,  as  made  with  the  two-strip  pyranometer  No.  6  on  Mount 
•Wilson.  The  new  method  of  observing  is  applicable,  however,  to 
the  one-strip  form  of  pyranometer  described  in  our  former  publica- 
tion,* and  if  used  in  the  new  way  it  is  possible  that  this  simpler  form 
of  pyranometer  will  prove  equally  accurate  as  well  as  more  sensitive 
than  the  two-strip  form. 
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Within  the  past  few  months  the  United  States  National  Museum 
has  received  two  collections  of  bones  of  mammals  dug  from  kitchen 
middens  in  the  island  of  Santo  Domingo,  West  Indies.  The  first 
and  most  important  consists  of  two  hundred  and  forty-two  speci- 
mens, representing  probably  about  fifty  individuals,  procured  at  San 
Pedro  de  Macoris,  by  Mr.  Theodoor  de  Booy  for  the  Museiun  of  the 
American  Indian,  Heye  Foundation,  New  York  City.  A  represen- 
tative series  has  been  presented  to  the  National  Museum  by  Mr. 
George  G.  Heye.  The  second  was  made  during  September,  1916, 
by  Dr.  W.  L.  Abbott  in  the  caves  near  San  Lorenzo  where  Gabb 
rediscovered  the  genus  Plagiodontia  about  the  year  1870.  It  con- 
sists of  a  dozen  specimens  all  of  which  were  given  to  the  museum. 
Finally  Mr.  Heye  has  sent  for  examination  part  of  a  lot  of  bones 
collected  at  the  "  Big  Wall,"  a  former  Indian  village  at  Maisi, 
Baracoa,  Cuba.  These  remains  were  found  ''  scattered  all  through 
the  site  in  conjunction  with  stone  artifacts  and  fragments  of  pot- 
tery/' All  of  this  material  proves  to  be  of  great  interest  on  account 
of  the  light  which  it  throws  on  the  Antillean  fauna  that  was  asso- 
ciated with  early  man. 

As  lately  as  a  year  ago  there  existed  wide  differences  of  opinion 
as  to  the  probability  that  the  Antilles  had  ever  been  inhabited  by  a 
mammal-fauna  of  continental  character/  Cope,  in  1868,  had  pointed 
out  that  the  geologically  recent  occurrence  of  a  rodent  (Amblyrhisa) 
as  large  as  a  Virginia  deer  on  the  island  of  Ang^illa,  whose  area  is 
only  thirty  square  miles,  indicated  the  former  existence  of  a  Carib- 
bean continental  area ;  *  but  this  fact  seems  to  have  been  generally 
lost  sight  of.  It  has  all  along  been  well  known  that  bats  occurred 
throughout  the  archipelago,  but  they  were  supposed  to  have  flown 


*  See  "  Some  remarks  upon  Matthew's  Climate  and  Evolution  "  by  T.  Bar- 
bour, with  supplemental  note  by  W.  D.  Matthew.  Ann.  N.  Y.  Acad.  Sci.,  Vol. 
2^,  pp.  1-15.    January  25,  1916. 

'  Proc.  Acad.  Nat  Sci.  Philadelphia,  1868,  p.  313. 
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to  the  islands.^  Chance  or  man  might  have  accounted  for  the  pres- 
ence of  a  few  raccoons,  agoutis,  and  cricetioe  rodents,  especially 
in  the  Lesser  Antilles.  The  same  was  equally  true  of  the  hystridne 
rodents  {Capromys)  of  Cuba  and  Jamaica.  The  Cuban  ground- 
sloths  were  supposed  to  have  been  descended  from  ancestors  which 
'*  arrived  "  from  South  America  in  the  Miocene  or  from  Central 
America  in  the  Pliocene.  The  insectivore  Solenodon  of  Cuba  and 
Santo  Domingo  was  so  peculiar  as  to  be  scarcely  within  the  imnge  of 
speculation ;  while  Plagiodontia,  the  indigenous  rodent  of  Santo 
Domingo,  lost  since  1836,  had  almost  passed  out  of  mind. 

In  I'^bruary,  1916,  when  recording  Gabb's  rediscovery  of  Pkh 
ij^iodontia,  I  said  that  the  presence  in  the  West  Indies  of  three  rodents 
so  different  from  each  other  as  Plagiodontia,  Capromys  and  Am- 
blyrhica  indicated  the  probability  of  a  once-abundant  Antillean 
representation  of  the  hystricines.-  Soon  after  my  note  was  published 
I  received  from  Dr.  J.  A.  Allen  his  account  of  Isolobodon  poriori- 
ccnsis.  a  j)reviously  unknown  rodent  from  Porto  Rico.*  In  August 
Mr.  H.  E.  Anthony  described*  three  further  new  genera  of  ex- 
tinct Porto  Rican  mammals:  a  ground-sloth  and  two  rodents, 
Elasmodontomys  and  Xeopsomys.  He  also  recorded. (p.  194)  a 
"  fragmentary  mandibular  ramus,  too  incomplete  for  present  deter- 
mination, of  a  large  hystricomorph  rodent  "  apparently  representing 
a  peculiar  genus.  The  material  from  Cuba  and  Santo  Domingo  adds 
slill  another  genus  of  rodents  from  each  island;  it  further  includes 
the  femora  of  two  species  not  hitherto  observed.  All  of  these  re- 
cently identified  rodents  are  hystricine,  while  there  is  every  reason 
to  sui)])ose  that  this  is  likewise  the  case  with  the  undeterminable 
species.  The  number  of  well  established  Antillean  genera  has  tfius 
heen  increased  within  the  year  practically  from  two  to  eight,  with  the 
indication  that  at  least  one  additional  genus  and  perhaps  more  may  be 
represented  among  the  three  '  species  (one  from  Porto  Rico  and  two 
from  Santo  Domingo)  whose  status  is  now  in  doubt. 

'  That  the  geographic  distribution  of  bats  should  not  be  regarded  as  primarily 
a  question  of  tlijjht  has  been  pointed  out  by  Dobson  (Rep.  Brit.  Ass.  Adv.  ScL 
for  iS-8,  pp.  i5S-i()7),  G.  M.  Allen  (Bull.  Mus.  Comp.  Zool..  Vol.  54,  pp.  175- 
176.  191 1 ),  and  Andersen  (Catal.  Chiropt.  Brit.  Mus.,  Vol.  i,  pp.  Ixxri-lxxriL 
1912;  see  also  Science.  N.  S.,  Vol.  36.  pp.  5^-5^7-    October  18,  1912). 

'  Proc.  Riol.  Soc.  Washington.  Vol.  29.  p.  47.    February  24,  1916. 

'  Ann.  Xew  York  Acad.  Sci.,  Vol.  27,  pp.  17-22.    January  2$.  ipld. 

*  Ann.  Xew  York  Acad.  Sci.,  Vol.  27.  pp.  193-203.    August  9^  1916.- 

'  The  long  bones  (from  Anguilla)  of  a  supposed  rodent  about  the  size  of  an 
agouti  descri])ed  and  figured  by  Cope  (Smithsonian  Contr.  KnowU  Vol.  25, 
pp.  3-4.  pl-  I.  *iRs.  4-6.  1883)  are  excluded  as  evidently  those  of  a  housecat 
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With  the  characters  of  so  many  genera  known  it  becomes  possible 
to  gain  some  idea  of  the  aspect  of  the  Antillean  hystricine  fauna. 
The  most  noticeable  feature  of  these  genera  considered  as  a  group  is 
their  similarity  to  the  Santa  Cruzian  and  Entrerian  rodents  which 
Ameghino  and  Scott  have  described  and  figured.  In  no  instance  has 
the  same  genus  been  found  in  both  the  West  Indies  and  Argentina 
or  Patagonia;  but  the  Antillean  rodents  thus  far  discovered  never 
show  such  peculiarities  that  their  remains  would  appear  out  of  place 
among  those  of  their  extinct  southern  relatives,  while  as  a  whole  they 
would  at  once  be  recognized  as  foreign  to  the  present  South  American 
fauna.  The  large  Amblyrhisa  has  teeth  fundamentally  more  like 
those  of  the  Entrerian  Megamys  lattrillardi  than  like  those  of  the 
living  viscacha.  Its  plantigrade  foot  indicates  relationship  with  the 
enormous  extinct  Patagonian  rodents  rather  than  with  any  existing 
saltatorial  animals.  Similarly  the  teeth  of  Elasmodontomys,  in  spite 
of  their  relatively  small  size,  appear  from  Mr.  Anthony's  figures  to  be 
built  on  a  plan  identical  with  that  of  the  molars  of  Megamys  pata- 
gonicus  (Entrerian),  but  with  the  same  specialization  of  the  anterior 
wall  of  each  enamel  loop  that  is  seen  in  the  simpler  teeth  of  Am- 
blyrhisa.  In  its  peculiar  outline  and  in  the  number  and  arrangement 
of  the  cross-ridges  the  upper  premolar  is  not  unlike  the  isolated 
teeth  that  formed  the  basis  of  the  genus  Discolomys^  (Entrerian). 
On  the  other  hand  all  the  maxillary  teeth  of  Elasmodontomys  differ 
conspicuously  from  those  of  any  known  hystricine  now  living.  In 
Heteropsomys  the  teeth  are  much  like  those  of  Acaremys  f  Santa 
Cruz)  except  that  the  crowns  are  more  heightened.  Teeth  of  this 
same  type  occur  in  the  recent  Ccrcomys,  Carterodon  and  Eurycy- 
gomatomys;  but  the  genus  Heteropsomys  differs  from  all  the  living 
spiny-rats  in  the  form  of  the  skull,  most  notably  in  the  small  size 
of  the  antorbital  foramen.  Of  the  newly-discovered  Santo  Domingan 
genus  the  only  skull  has  the  teeth  so  worn  that  their  fundamental 
structure  is  no  longer  clear,  but  apparently  this  structure  resembled 
that  seen  in  the  Santa  Cruzian  Sciamys  rather  than  in  any  living 
echimyid.  In  the  new  genus  from  Cuba  the  teeth  are,  by  all  essential 
characters,  exactly  like  those  of  the  Santa  Cruzian  Sticliomys* 
Of  the  three  known  genera  which  still  exist  (if  Plagiodontia  has 
not  been  exterminated  within  the  last  few  decades),  Capromys  has 


*  Particularly  the  specimen  figured  by  Hurmeister.  Anal.  Mus.  Kac.  Buenos 
Aires,  Vol.  3,  pi.  2,  fig.  6.  1885.  Ameghino,  Mam.  Fos.  Argent.,  pi.  6,  fig.  2^. 
1880. 

■Sec  Scott,  Rep.  Princeton  Univ.  Expcd.  Patagonia,  pi.  65,  figs.  17  and  19. 
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chance  intrcKinctioa.    On  the  oontrarr  dier  suggm  firect 
from  su-:r.  a  pan  of  a  general  Sootfa  American  fama,  pfolaUf 
lesi  ancient  than  diat  of  the  Miocene^  as  migfat  have  been  isoiitei 
a  sclittinz  on  of  the  ardupdago  from  the  maHnl^wt^      Qff 
innuence  from  the  continent  there  is  no  trace. 

CAHIDl  SFcoa? 

The  left  n-^r.d:ble  of  a  canid  with  pm..  pm,  and  pm^  in 

Xo.  2i7i3'>.  V.  S.  Nat.  Mas. »  is  among  the  specimens  ni  die 

collection.    It  diners  from  the  jaws  of  such  Indian  dogs  as  I 

seen     both  North  American  and  South  American)  in  the 

width  cf  the  premolars  and  the  complete  absence  of  M^nm^^fy 

on  a*:  three  of  these  teeth.    A  toothless  left  maxilh  (No.  217130) 

from  the  same  locality  closely  resembles  the  maxilb  of  a  Ajawfuj^ 

do^'s  skul!  from  pre-Columbian  deposits  near  Tjnmas^  Pern  (Noi 

176386  . 

CAPBOlfTS  PILORIDES  (Say) 

Represented  by  numerous  skulb  and  leg  bones  from  B^  WaB. 

CAPSOMTS  PSESEHSIUS  Pwppig 

A  right  mandible  and  left  femur  from  Big  Wall  are  ptohnlilf 

referable  to  this  species. 

ISOLOBODOH  POSTORICKHSIS  Allca 

(Plate  I.  ng.  3) 

Macoris:  toj  specimens  (representing  probably  aboot  40  indi- 
viduals) :  palate  i ;  lower  jaw  (right)  5,  (left)  11 ;  anditoiy  holh. 
I ;  odd  cheek  teeth  (mandibular)  22 ;  lower  incisor  i ;  scapnb  (left) 
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2;  humerus  (right)  i8,  (left)  8;  radius  (right)  2,  (left)  2;  ulna 
(right)  2,  (left)  2;  innominate  (right)  7,  (left)  3 ;  sacrum  3;  femur 
(right)  28,  (left)  36;  tibia  (right)  28,  (left)  25/ 

5*011  Lorenso:  2  left  lower  jaws. 

On  the  basis  of  the  present  material,  even  after  comparison  with 
the  numerous  Porto  Rican  specimens  kindly  lent  me  by  Dr.  AlFen, 
I  am  imable  to  find  any  character  by  which  to  distinguish  the  Santo 
Domingan  Isohbodon  from  that  of  the  neighboring  island.  This 
animal  is  by  far  the  most  abundantly  represented  of  the  mammals 
found  in  the  Macoris  deposits.  It  must  have  been  common  at  San 
Lorenzo  as  well,  for  two  of  the  three  jaws  which  Gabb  collected 
there  and  I  recorded  as  Plagiodontia  turn  out  to  be  Isohbodon.  One 
of  these  specimens  lacks  all  of  the  teeth  while  in  the  other  the  first 
and  second  teeth  are  lost  and  the  third  and  fourth  are  broken  away 
to  below  the  alveolar  level.  Under  these  circumstances  and  before 
I  had  seen  the  description  of  Isohbodon  I  overlooked  their  true 
characters.  Among  the  bones  found  at  San  Lorenzo  by  Dr.  Abbott 
this  genus  is  absent. 

The  tooth  structure  in  Isohbodon  is  essentially  like  that  of 
Plagiodontia  except  that  the  upper  premolar  retains  a  small  antero- 
extemal  reentrant  fold,  the  reentrant  folds  in  each  of  the  molars 
and  the  main  folds  in  the  premolar  are  opposite,  their  tips  coming 
in  contact  at  middle  of  crown,  and  in  the  lower  teeth  the  outer  re- 
entrant angle  is  much  deeper  than  those  of  the  inner  side.  The 
cement  in  the  teeth  of  Isohbodon  is  of  a  peculiarly  open  structure, 
showing  conspicuous  horizontal  striation. 

PLAGIODONTIA  AEDIUM  F.  Cuvier 

(Plate  I,  fig.  4) 

Macoris:  15  specimens  (representing  probably  about  6  indi- 
viduals) :  lower  jaw  (right)  i,  (left)  i ;  hiunerus  (right)  2,  (left) 
i;  innominate  (right)  i,  (left)i;  femur  (right)  2,  (left)  4;  tibia 
(right)  I,  (left)  I. 

San  Lorenzo:  8  specimens  (representing  probably  3  individuals)  : 
anterior  half  of  skull  with  complete  dentition  of  right  side,  i ;  left 
lower  jaw,  i ;  innominate,  3 ;  femur,  i ;  tibia,  2. 

Measurements:  No.  217112  (San  Lorenzo) :  bregma  to  front  of 
premaxillaries,  53.6;  length  of  frontal  along  median  suture,  26.6; 
least  interorbital  breadth,  19.0;  breadth  of  rostrum  across  upper 
rim  of  premaxillaries,  12.8;  diastema,  17.2;  maxillary  toothrow 
(alveoli),  21.0;  crown  of  m},  5.2x4.8.     No.  217126  (Macoris): 
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Rtmarks. — ^The  genus  Brotomys  is  remarkable  for  its  combina- 
tion of  robust  skull  with  weak  teeth.  It  differs  too  widely  from  all 
of  the  existing  genera  to  require  any  special  comparisons.  From  the 
extinct  Heieropsomys  of  Porto  Rico  (pi.  i,  fig.  2)  it  is  at  once  dis- 
tinguishable by  the  relatively  large  antorbital  foramina,  horizontal 
anterior  zygomatic  roots,  slightly  emarginate  palate,  and  perhaps  by 
a  more  simplified  enamel  pattern.^ 

BSOTOMYS  VOSATUS,  tp.  noY. 

Type. — ^Anterior  half  of  skull  (lacking  the  nasal  bones  and  second 
and  third  molars),  No.  217117,  U.  S.  National  Museum,  collected  in 
kitchen  midden  at  San  Pedro  de  Macoris,  Santo  Domingo,  by 
Theodoor  de  Booy.    Presented  by  George  G.  Heye. 

Characters. — As  in  the  genus ;  measurements :  distance  from  front 
of  incisor  to  back  of  m*  (alveoli),  26.6 ;  palatal  length,  25.4 ;  palatilar 
length,  23.0 ;  probable  length  of  nasals,  about  18 ;  interorbital  breadth, 
14^;  palatal  breadth  including  alveoli  of  second  molars,  7.2;  least 
breadth  of  palate  between  premolars,  2.0;  least  breadth  of  palate 
between  posterior  molars,  3.2;  rostral  breadth  across  nasal  rim  of 
premaxillaries,  9.2;  depth  at  middle  of  molar  series,  14.8;  probable 
depth  behind  incisors,  about  14;  maxillary  toothrow  (alveoli),  lo.o; 
crown  of  mS  2.2  x  2.4. 

Specimens  examined. — In  addition  to  the  type  the  following  bones, 
probably  representing  about  6  individuals,  all  collected  by  Mr.  de 
Booy  at  Macoris,  appear  to  Ije  referable  to  this  species:  humerus 
(right)  2,  (left)  3;  innominate  (right)  i ;  femur  (right)  3,  (left) 
2;  tibia  (right)  2,  (left)  5. 

BOROMYS,  gen.  nov. 

Type. — Boromys  offella,  sp.  nov. 

Characters. — Similar  to  Brotomys  but  antorbital  foramen  with 
well  developed  secondary  groove  for  nerve ;  roots  of  incisor  produc- 
ing an  evident  swelling  on  side  of  maxillary  above  neural  groove; 
cheek-teeth  relatively  larger,  but  of  same  form  and  root-structure; 
enamel  pattern  of  m*  (and  probably  of  all  the  other  maxillary  teeth) 
consisting  of  two  narrow  reentrant  folds  from  each  side,  the  extremi- 
ties of  all  the  folds  reaching  about  to  median  line  of  crown. 


*For  the  opportunity  to  examine  the  skull  of  Heieropsomys  and  for  per- 
mission to  publish  the  photographs,  I  am  indebted  to  Dr.  J.  A.  Allen  and  Mr. 
H.  E.  Anthony,  of  the  American  Museum  of  Natural  History. 
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Remarks. — Though  rcaenUo^  Bwwimm]fg 
the  gciras  Boromys  sttam  wdl  danderiaBei 
supplemental  groove  at  base  of  anlOKtital 
teeth  are  actuaDv  as  different  from  llioae  of 
must  remain  an  open  qnestioo  notil  young  iuditidaala  of  hoA 
have  been  procured.  That  the  patterns  wiB  prove  to  be 
seems  improbable.  In  Boromys  the  mrdian 
loops,  corresponding  to  those  present  in  Brotomsys,  are 
sunk  into  the  croi%*ns  than  the  others ;  hence  it  is  ci ideal  diat  a  st^y 
of  wear  would  later  be  reached  at  which  the  siiULtmc  m  fke  two 
animals  \\  ould  be  the  same.  But  apparendy  at  that  stage  die  crowns 
of  the  teeth  would  be  longer  and  less  nearly  terete  in  Bonnmys  ttaa 
in  Brotomys.  In  reaching  it  a  different  coarse  would  he  foBowed. 
I'he  lake  representing  the  antero-^xtemal  loop  in  Borotmyis  is  biger 
and  deeper  than  that  representing  the  postero-intcmal  loop,  so  that 
it  remains  well  developed  after  the  latter  has  disappeared.  In 
Brotomys  the  only  trace  of  a  lake  is  in  a  position  bdnnd  the  —***"■ 
external  loop  and  exactly  opposite  the  tip  of  the  mtM^n  In^mrnml 
](/()]),  therefore  not  in  the  place  where  the  last  remnant  of  a  postero- 
internal kxjp  should  occur. 

1  he  enamel  pattern  of  Boromys  is  identical  with  that  of  Siichomijs, 
A :-.  compared  with  the  Santa  Cruzian  genus  the  Cuban  animal  diffien 
^H)  in  the  more  forward  position  of  the  zygomatic  root  rdatively 
to  the  maxil]o-premaxillar>-  suture  and  the  toothrow,  (b)  in  Ae 
7x]}]r.ir*::.\  shortiies^i  of  the  rostrum  which  results  from  this  pecoliaritf 
of  the  /yj::oma,  and  (c  j  in  the  narrower  palate  (width  of  palate  at 
pni*  '-'.arcely  ;:reaier  than  that  of  alveoli).  The  concavity  on  pos- 
T*:rior  hord'rr  of  zygomatic  root  extends  slightly  bej'ond  levd  of 
.'::it<  rior  -urf.'j'.e  of  pm*,  while  in  Stichomys  its  most  anterior  portioo 
i    a  \\*\\*:  \)r\i\u<\  level  of  middle  of  this  tooth. 

BOSOKYS  OFFELLA,  sp.  nor. 

Type.  -Anterior  half  of  skull  (lacking  the  nasal  bones,  interarbital 
region  and  posterior  termination  of  palate).  No.  217138^  U.  S. 
National  Museum.  Collected  in  village  site  at  Maisi,  Baracoa,  Caba, 
by  .M.  R.  Harrington.    Presented  by  George  G.  Heyc. 

Characters. — As  in  the  genus ;  measurements :  from  front  of  incisor 
to  back  of  m^  (alveoli),  29.2;  palatal  breadth  including  alveoli  of 
second  molars,  9.0;  least  breadth  of  palate  between  preinolarSy.3X>; 
rostral  breadth  across  nasal  rim  of  premaxillaries,  8.2;  depth  at 
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EXPLANATION  OF  PLATE 
(All  fignret  natural  siie) 

Fig.  I.    Brotomys  voraims.    Type  No.  •217117;  U.  S.  Nat  Mtd^^talto  Do> 

mingo.     (de  Booy.) 

Fig.  2.  Hetcropsomys  intulans,-  Type  -NicK  14173,  Amer.  Mm.  Nat  Hiit» 
Porto  Rico.     (Boas.)  •■    • 

Fig.  3.  Isolobodon  porioricensis,  Na  2171 18,  U.  S.  Nat  MttM^  Santo  Df^- 
mingo.     (de  Booy.)  •         ' 

Fig.  3'.  Isolobodon  portoricensis.  No.  216595,  U.  S.  Nctlftttn  PbrtO 
Rico.     (Boas.)" 

Fig.  3''.  Isolobodon  portoricensis.  No.  217119^  U.  S.  Nat  Mi»k,  Santo  Dor 
mingo.     (de  Booy.) 

Fig.  4.  Pla<^iodontia  aedium.  No.  217112,  U.  S.  Nat  Mus.,  Santo  Do- 
mingo.    (Abbott.) 

Fig.  4'.  PlarJodontia  aedium.  No.  217126,  U.  S.  Nat  Mo*.,  Santo  Ao- 
mingo.     (de  Booy.)  : 
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THE  TEETH  OF  A  MONKEY  FOUND  IN  CUBA 

By  GERRIT  S.  MILLER.  Jr. 
(With  One  Plate) 

In  191 1  Ameghino  described  as  Montaneia  anthropomorpha  a 
supposed  new  genus  and  species  of  American  monkey  from  Cuba/ 
He  based  his  account  on  a  nearly-^complete  set  of  mandibular  teeth 
found  associated  with  human  remains  in  a  cave  near  Sancti  Spiritus. 
Dr.  Louis  Montane,  the  discoverer  of  these  teeth,  brought  the 
specimens  to  Washington  in  December,  1915,  and  asked  me  to  com- 
pare them  with  the  South  American  material  in  the  National  Museum. 
On  making  this  comparison  we  at  once  saw  that  the  likeness  of  the 
Cuban  teeth  to  those  of  A  teles,  noticed  by  Ameghino,*  amounted  to 
such  complete  identity  that  in  the  absence  of  further  evidence 
Montaneia  could  not  be  regarded  as  a  distinct  genus.  The  exact 
agreement  in  all  essential  characters  between  the  type  of  Montaneia 
and  an  A  teles  from  Tehuantepec  is  shown  by  the  accompanying 
photographs  (plate  i).  The  only  structural  difference  that  can  be 
observed  is  the  unusual  development  in  the  Cuban  specimen  of  the 
hypoconulid  or  *'  fifth  cusp  "  in  each  of  the  molars,  a  peculiarity 
which  caused  Ameghino  to  see  in  the  dentition  a  resemblance  to  that 
of  man  and  the  higher  anthropoids.^  Examination  of  numerous  speci- 
mens shows  that  the  hypoconulid  in  A  teles  varies  so  much  in  size  and 
distinctness  that  its  degree  of  development  must  be  considered  as  an 
individual  or  specific  character  and  nothing  more. 

Ameghino  remarks  that  the  discovery  made  by  Doctor  Montane 

is  noteworthy  in  view  of  the  fact  that  no  monkeys  now  occur  in 

Cuba  (p.  318).    Not  only  do  the  islands  of  the  Greater  Antilles  lack 

members  of  this  group,  but  all*  the   living  and   recently  extinct 

•mammals  yet  found  on  them  appear  to  be  related  to  a  South  Ameri- 


*An.  Mus.  Nac.  Buenos  Aires,  ser.  3,  Vol.  13.  p.  316. 

* "  Se  parecen  a  los  de  Ateles  y  mas  todavia  a  los  del  hombre  "  (p.  318). 

• "  La  conformacion  de  las  coronas  de  las  muelas  persistentes  se  parece  a 
los  monos  antropomorfos  y  al  hombre,  y  todavia  mas  a  este  ultimo  que  i 
aquellos"  (p.  317). 

*With  the  exception  of  the  Jamaican  Orycomys,  an  animal  whose  history 
has  almost  certainly  been  different  from  that  of  the  Antillean  insectivores, 
ground-sloths,  and  hystricinc  rodents. 

Smithsonian  Miscellaneous  Collections,  Vol.  66,  No.  18 
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can  fauna  much  older  than  any  which  is  known  to  have  indaded 
modem  genera  of  monkeys.  These  circumstances,  together  with 
the  facts  that  spider-monkeys  are  habitually  tamed  by  the  Indians  in' 
tropical  America,  and  that  the  type  of  "  Mantaneia "  was  found  in 
a  cave  used  for  human  burial,  make  it  seem  probable  that  Ais  par- 
ticular set  of  teeth  owed  its  presence  in  Cuba  to  man's  agency.  If 
this  assumption  were  true  it  should  be  possible,  so  far  as  this  can  be 
done  with  such  incomplete  material,  to  identify  the  animal  widi  some 
species  now  alive. 

As  the  teeth  of  '" Montaneia  "  differ  specifically^  from  those  of  aU 
the  spider-monkeys  in  the  National  Museum  I  sent  copies  of  the 
photograph  here  reproduced  to  Dr.  J.  A.  Allen  and  to  Mr.  Oldfield 
Thomas.  Dr.  Allen  could  find  no  Ateles  in  the  American  Museum 
of  Natural  History  that  he  would  regard  as  probably  conspecific 
with  the  animal  whose  teeth  were  represented.  Mr.  Thomas  wrote 
under  date  of  February  19,  1916,  that  a  specimen  in  the  British 
Museum  collected  at  Nanegal,  Ecuador,  and  supposed  to  be  referable 
to  Ateles  fuscipes  Gray,  agreed  "  fairly  closely  "  with  the  teeth  of 
''Montaneia'*  though  it  did  not  show  the  unusual  depth  of  the 
V-shaped  notch  on  outer  side  of  mi  and  va^.  As  the  notches  in 
question  appear  to  have  been  made  somewhat  unduly  conspicuous 
by  the  lighting  of  the  specimen  when  it  was  photographed,  this  dis- 
crepancy is  probably  not  very  important.  While  not  willing,  on  the 
sole  basis  of  the  mandibular  dentition,  to  assert  specific  identity 
between  the  Ecuadorean  Ateles  and  the  animal  to  which  the  Cuban 
teeth  belonged,  !Mr.  Thomas  and  Mr.  Martin  A.  C.  Hinton,  who  also 
compared  the  photograph  with  the  specimen,  did  not  regard  such 
identity  as  impossible.*  Nothing  further  seems  needed  to  lead  to  the 
following  conclusions : 

That  the  teeth  of  the  animal  described  by  Ameghino  as  MofUamia 
anthropomorpha  have  no  more  than  a  superficial  resemblance  to 
those  of  the  Pongidae  and  Hominidae. 

That  the  generic  name  Montaneia  Ameghino,  191 1,  must  for  the 
present  be  placed  in  the  synonymy  of  Ateles  Geoff roy,  1806. 


'The  chief  peculiarity  is  the  large  size.  Measurements:  canine,  s<43c6iJB; 
height  of  canine  from  base  of  enamel  on  outer  side,  11.6;  anterior  premolar, 
5.0  X  54 ;  median  premolar,  4.0  x  5.0 ;  posterior  premolar  4.2  x  5^3 ;  fint  msAu^ 
6.2  X  5.2 ;  second  molar,  6.2  x  5.6 ;  third  molar,  6.0  x  54. 

'"To  say  that  Montaneia  was  probably  or  possibly  conspecific  widi  the 
Ecuador  Ateles  would  be  too  strong,  but  I  would  not  say  it  wasn't**  (Thomas 
in  letter  dated  March  2Z,  1916). 


NO.    13  TEETH  OF  A  MONKEY  FOUND  IN  CUBA — MILLER  3 

That  while  the  specific  name  Montaneia  anthropomorpha  cannot 
now  be  referred  with  certainty  to  the  synonymy  of  any  known 
Ateles,  the  resemblance  of  the  Cuban  teeth  to. those  of  a  specimen 
from  Ecuador  makes  eventual  identification  with  a  living  species 
seem  probable. 

That  without  much  doubt  the  presence  of  these  spider-monkey's 
teeth  in  Cuba  was  due  to  the  agency  of  man. 


EXPLANATION  OF  PLATE 

(Both  figures  natural  size) 

Fig.  I.    Ateles  neglectus  Reinhardt.    Tehuantepec,  Mexico  (Xo.  13858,11.5. 
National  Museum). 
Fig.  2.   Ateles  sp.   Cuba.    (Type  of  Montaneia  anthropomorpha  Ameghino.) 


.-  ^■ 


•  -   1 


■\i: 


SlIUTHSONIAN  MISCELLANEOUS  COLLECTIONS 

VOLUME  66.  NUMBER  11 


Preliminary  Survey  of  the  Remains  of  the 

Chippewa  Settlements  on  La  Pointe 

Island,  Wisconsin 


PHrUP  AINSWORTH  MEANS 
Honorary  Collaborator  in  ArcheolnKy.  UnlteJ  States  National  Museum 


(Publication  243}) 


CITY  OF  WASHrNGTON 
PUBLISHED  BY  THE  SMITHSONIAN  INSTITUTION 

.   JANUARY.  1917 


PRELIMINARY  SURVEY  OF  THE  REMAINS  OF  THE 
CHIPPEWA  SETTLEMENTS  ON  LA  POINTE 

ISLAND,  WISCONSIN 

By  PHILIP  AINSWORTH  MEANS 

HONORAilY    COLLABORATOR    IN    ARCHEOLOCJY,    UNITED    STATES    NATIONAL    MUSEUM 

INTRODUCTION 

In  August,  1916,  on  the  advice  of  Dr.  Hrdlicka,  I  visited  La  Pointe 
Island  (now  commonly  called  Madeline)  with  the  intention  of  con- 
ducting archeological  investigations  on  the  ^ite  of  the  Ojibwa  village 
on  that  island.  For  reasons  which  I  shall  touch  upon  in  the  body  of 
this  report  it  was  impossible  for  me  to  do  what  I  intended  at  that 
time.  I  spent,  however,  several  days  going  over  the  site,  consulting 
those  who  were  best  acquainted  with  the  local  history  of  the  Ojibwa, 
and  planning  for  future  work. 

While  in  the  Chequamegon  Bay  region  I  received  much  kindness 
and  help,  for  which  I  wish  to  tender  grateful  acknowledgment,  from 
Mr.  Qark,  proprietor  of  the  Knight  Hotel  in  Ashland ;  from  Mr.  C. 
N.  Cramer  of  Ashland;  from  the  Messrs.  Salmon  of  the  "  Old  Mis- 
sion," Madeline  Island ;  from  Mr.  William  C.  Stone  of  Watertown, 
Wisconsin,  and  from  Mr.  G.  F.  Thomas  of  La  Pointe. 

LOCATION  OF  LA  POINTE  OR  MADELINE  ISLAND 

The  island  is  one  of  the  archipelago  known  as  the  Apostle  Islands, 
in  Lake  Superior.  On  the  north  and  east  the  archipelago  is  bounded 
by  the  open  waters  of  the  Lake ;  on  the  west  lies  the  Bayfield  penin- 
sula ;  on  the  south  stretches  Chequamegon  Bay,  on  the  southern  shore 
of  which  is  the  city  of  Ashland.  La  Pointe  Island  lies  toward  the 
southern  extremity  of  the  group  of  islands.  Its  main  axis  runs 
from  southwest  to  northeast.  In  length  the  island  is  about  twelve 
miles,  and  Approximately  three  miles  in  breadth.  The  major  part  of 
it  is  covered  with  old  forest ;  the  remainder  is  taken  up  by  farms  and 
summer  resorts. 

FIRST  INHABITANTS  OF  LA  POINTE  ISLAND 

We  do  not  know  who  were  the  earliest  inhabitants  of  La  Pointe 
Island.  The  Chippewa  have  occupied  it  since  1490.  A  mound  which 
may  have  been  made  by  their  predecessors  exists  in  the  thick,  swampy 
woods  east  of  the  Old  Mission.    It  is  said  to  be  rather  small,  made 
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of  earth  and  stones,  and  to  have  the  shape  of  "a  aerpenL"  It  was 
described  by  Mr.  Stone  as  being  15  to  18  feet  in  lengA  and  3  to  5 
feet  high.  An  old  Chippewa  Indian,  whom  Mr.  Stone  consulted  on 
the  point,  was  certain  that  it  was  not  the  woiic  of  his  people.  The 
writer  was  not  able  to  visit  the  mound  in  person.  Its  presence  on 
La  Pointe  Island  is  interesting.  Ntither  Lapham  (1855)  nor 
Thomas  (1894)  reports  any  mounds  so  far  north.  There  is  a  mere 
possibility  that  it  was  made  by  the  Chippevra  ^  but,  more  probabijTp 
its  builders  were  an  offshoot  of  the  tribes  to  which  must  be  attributed 
the  numerous  mounds  farther  south  in  Wisconsin. 

MIGRATIONS   OF  THE  CHIPPEWA    (OR  OJIBWA)   AND  THEIR 
HISTORY  ON  LA  POINTE  ISLAND,  i^go-idao 

The  Chippewa  belong,  as  is  well  known,  to  the  g^eat  Algonquian 
linguistic  family.  Much  of  that  stock  dwelt  around  the  Crulf  of  St 
I^wrence,  and  there  are  traditions  that  the  Chippewa  themselves 
once  lived  in  that  region.*  Warren,  basing  his  knowledge  on  what 
was  told  him  by  an  old  "  priest  "  of  the  Midewiwin  (Grand  Medicine 
Lodge),  tells  the  following  story  of  the  westward  migration  of  the 
Chippewa : 

Starting  from  the  region  around  the  Gulf  of  St.  Lawrence,  the 
( jjibwa  moved  up  the  river,  following  the  megis  (sacred  sea-shdl), 
which  was  their  guide.  They  stopped  for  a  time  at  Mo-ne-aung, 
now  Montreal.  Eventually  the  megis  guided  them  to  the  Sault  StC- 
Marie,  called  by  them  Bow-e-ting.  At  MichilUmackinac  the  Ojibitra 
(who  were  not  then  known  by  that  name)  split  into  three  separate 
but  always  allied  divisions ;  the  Ojibwa  proper,  the  Ottawa,  and  the 
Potawatomi.  The  Ottawa  moved  somewhat  eastward  from  the 
Sault ;  the  Potawatomi  moved  south ;  the  Ojibwa  moved  west.  In 
historic  times,  at  least,  the  Potawatomi  dwelt  near  Lake  Winnebago 
and  (ireen  Bay.**  These  three  new  tribes,  as  they  became*  always 
remained  in  friendly  relations. 

After  their  separation  from  the  Ottawa  and  the  Potawatomiy 
the  Ojibwa  stayed  for  a  long  time  at  Bow-e-ting  (Sault  Ste.  Mark). 
Many  of  them  remained  there  after  the  main  body  had  gone  on. 


'  According  to  Brinton,  they  occasionally  built  a  mound  **  to  odcbrate  aome 
special  event  "—Brinton,  D.  G.,  Essays  of  an  Americanist,  Phila.,  1890^  |l.  7a 

*Cf.  Warren,  1885,  pp.  76-80;  Powell,  1891.  (Bibliographical  refereocet  at 
end  of  paper.) 

'Bulletin  30,  Bur.  Amer.  Ethn.,  p.  290;  Verwyst,  1886,  p^  211;  Jes.  Rd.  for 
1640;  Thwaites,  1908^  p.  194. 


NO.    14  REMAINS  OF   CHIPPEWA   SETTLEMENTS MEANS 


The  French  name  for  the  Ojibwa  was  Sauteurs,  People  of  the  Falls. 
Of  those  who  separated,  part  went  to  the  northern  shore  of  Lake 


^ 


UPERI OR 


Map  I. 


Superior;  the  remainder  went  west,  until  they  reached  the  loiifj, 
narrow  sand-spit  known  as  Shaug-ah-waum-ik-onf^.*     This  place 


*  Warren,  1885,  p.  86;  Verwyst.  1895,  p.  426. 
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is  the  narrow  sandy  island  which  forms  die  nortlieni  side  of 
Chequamegon,  or  Ashland  Bay.  It  is  now  called  Long^  Ishnd; 
formerly  it  was  a  peninsula  connected  with  the  nuinknd.    It  runs 

at  a  right  angle  to  La  Pointe  Island.^    • 

Upon  this  rather  unsuitable  site  the  Ojibwa  built  their  first  setde- 
ment  in  the  Chequam^on  Bay  r^on.'  The  settlement  took  place, 
according  to  all  authorities,  about  1490.  As  the  place  was,  at  that 
time,  a  peninsula,  it  was  open  to  the  attacks  of  the  Sioux  and  die 
Foxes,  which  tribes  had  replaced  the  Iroquois  as  enemies-in-chief  of 
the  Ojibwa.®  Accordingly,  the  Oj]))wa  moved  their  diief  village 
to  Mon-ing-wun-a-kaun-ing  (place-of-the-golden-breasted-wood- 
pecker ) ,  now  called  La  Pointe.  There  they  established  their  principal 
village,  though  there  were  several  other  settlements  along  the  shore 
of  Chequamegon  (Ashland)  Bay.* 

We  may  safely  assume,  then,  that  by  or  soon  after  1500  a  large 
(~)jibwa  town  tlourished  on  the  area  just  indicated.  This  iipportant 
community  was  menaced  by  the  Sioux  from  the  west  and  the  Foxes 
from  the  south,  but  escape'd  destruction,  and  in  the  course  of  time 
numerous  settlements  were  established  by  the  Chippewa  on  the 
mainland,  which  served  as  outposts  to  the  main  village  at  La  Pointe. 
War  against  their  enemies  occupied  much  of  the  Ojibwas'  strength 
and  time  for  generations.* 

For  about  120  years,  from  about  1500  to  1620,  the  Ojibwa  lived 
uninterruptedly  on  La  Pointe  Island.  About  1620,  however,  circum- 
stances arose  which  led  them  to  desert  the  place.  There  are  two 
theories  put  forth  to  account  for  this  desertion.  One  is  that  die 
branch  of  the  Ojibwa  who  remained  at  the  Sault  (or  possibly  their 
kinsmen  the  Ottawa)  received  firearms  at  this  time  from  the  earlier 
French  settlers,  and,  passing  them  on  to  their  allies  on  La  Pointe, 
enabled  ihc  lallcr  to  drive  off  their  hitherto  formidable  enemies 
by  means  of  their  powerful  new  weapons,  and  pn^^ress  over  the 
mainland  to  the  southward  and  westward.  The  other  dieory  is 
that  a  craze  for  human  flesh  grew  upon  the  medicine-men  of  the 
Ojibwa  at  La  Pointe  to  such  a  degree  that  they  even  made  use  of 


*  See  map  i,  p.  3. 

'  This  island  is  flat,  sandy,  sparsely  settled,  and  not  too  much  forestcdp 
offering  every  advantage  to  the  archeologist.  Finds  from  the  northwcttem 
end  of  the  island  would  date  from  a  very  early  prehistoric  and  an  eariy 

historic  period. 
'Warren,  1885,  p.  95;  Verwyst,  1895,  p.  430. 

*  \'erwyst,  1895.  p.  430. 
•Warren,  1885.  p.  92. 
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poisons  and  violence  to  meet  their  desires.'  In  time  this  abuse  attained 
such  proportions  that  parents  were  terrorized  into  giving  up  their 
children  to  the  insatiable  appetites  of  the  shamans.  At  length,  how- 
ever, a  father,  braver  than  the  rest,  overcame  his  superstitious  terrors 
and  killed  the  shaman  who  had  eaten  his  child.  But  the  island  came 
to  be  regarded  as  haunted  by  the  Che-bi-ug,  "  Souls  of  the  victims," 
and  this  belief  grew,  so  that  at  last  the  site  and  the  whole  island 
were  deserted. 

Possibly  both  causes  contributed  to  the  abandonment  of  the  site, 
though  superstitious  fear  and  unhappy  conditions  within  the  com- 
munity would  be  sufficient  for  such  a  step.  At  all  events,  the  island 
was  completely  deserted  by  all  inhabitants  about  1620.  There 
were  then  already  numerous  Ojibwa  villages  around  Chequamegon 
Bay  and  elsewhere  on  the  mainland,  and  to  these  dotibtless  the  La 
Pointe  Chippewa  went. 

THE   CHIPPEWA   UNDER   FRKNXH    COXTACT.    1634-1760 

French  knowledge  of  the  existence  of  Lake  Superior  may  be  said 
to' date  from  16 18.  In  that  year  one  Eticnne  r>rule,  a  voyageur  of 
Champlain's,  reported  the  location  of  the  Lake  and  also  brought 
some  copper  from  thcre.- 

It  was  Jean  Nicolet,  however,  who,  in  1634-35,  first  came  in  contact 
with  the  Ojibwa  of  Sault  Ste.  Marie.  News  of  his  arrival  quickly 
spread  among  the  tribc.^  Tn  1635  Chaniplain  died,  and  a  new- 
Governor,  Montmagny,  was  appointed,  under  whom  exploration  fell 
off.  In  1641,  however,  Brebocuf  and  Daniel,  two  i)riests,  visited  the 
Sault,  and  in  1642  Jogues  and  Raymbault  did  likewise/ 

In  1651  a  very  important  event  took  place.  According  to  Father 
Le  Mercier,  the  fur-trade  was  begun  in  that  year  by  a  party  of 
Indians.''  The  French  were  not  slow  to  avail  themselves  of  this 
chance  for  wealth,  and  the  Company  of  the  Hundred  Associates 
was  formed  to  carry  on  the  trade.^ 

Groseilliers  and  Radisson  were  the  first  Frenchmen  actually  to 
enter  the  region  of  Chequamegon  Bay.     Warren  declares   (1885, 


*  Warren,  1885,  p.  109  ff. 

"Neill,  1885,  pp.  399-400;  Parkman,  1886,  p.  56. 

•Neill,  1885,  p.  400;  Parkman,  1886,  p.  166;  Thwaitc^.  1008.  pp.  22-31 ;  Bultcr- 
ficld,  1881,  pp.  35-74. 

*  Cf.  Neill,  1872,  p.  19 ;  Parkman,  1886,  p.  213 :  Bull.  30.  \'ol.  i.  p.  278. 
■Jesuit  Relation  for  1653-54. 

•Thwaites,  IQ08,  p.  34  ff.:  Neill,  1885,  p.  40;  J(»nes.  iS^u.  p.  165  ff. 
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pp.  I2I-I22)  that  their  first  post  was  built  on  tiie  eutem  end  o£  La 
Pointe  Island.  This  is  emphatically  refuted  by  Thwaites^  wlio, 
quoting  Radisson,  states  that  the  fort  then  built  by  Radisson  was  on 
the  mainland  between  the  modem  town  of  Washburn  and  the  city 
of  Ashland.  In  the  winter  of  1661-62  Groseilliers  and  Radisson 
penetrated  Minnesota,  returning  to  Chequamegon  in  the  spring  of 
1662.  At  that  time  they  built  a  second  fort,  probably  on  die  point  of 
Shaup:-ah-waum-ik-ong.  where  the  earliest  Ojibwa  village  had  been.' 

In  1661  Father  Menard  had  established  a  mission  among  the 
Ottawa  on  Keweenaw  Bay,  but  abandoned  it  before  very  long. 
Father  Claude  Allouez  was  sent,  in  1665,  ^^  re-establish  the  missionp 
settling  near  the  mouth  of  Vanderventer  Creek,  just  south  of  modem 
Washburn.  In  a  short  time  the  name  of  "  La  Pointe  du  Saint  Esprit " 
became  attached  to  the  whole  of  the  present  Bayfield  peninsula.' 
At  this  time  there  were  at  Chequamegon  Bay  many  Indian  traders 
of  the  Ojibwa.  Sauks,  Foxes,  Ottawa,  and  other  tribes.*  The  labors 
of  leather  Allouez  seem  to  have  been  ill  requited,  for  he  was  relieved, 
in  i6^S9,  by  l-ather  Jacques  Marquette.  Soon  after  the  arrival  of 
the  new  missionary,  the  Ojibwa  and  the  Sioux  restmied  their  ancient 
hostility,  and  the  former,  together  with  Marquette,  were  driven  to 
the  Straits  of  Mackinaw.  The  first  missionary  |)eriod  of  Chequa- 
met^on  lUiy  ended,  then,  in  1670.'' 

The  fur-traders,  however,  met  with  a  success  never  attained  by 
the  missionaries.  In  1673  Sieur  Raudin,  or  Radin,  an  agent  of  La 
Salle's,  and  Daniel  ( ireysolon  du  Lhut,  or  Duluth.  entered  the  western 
end  of  Lake  Superior  and  explored  it  with  a  view  to  commercial 
enterprises."  Their  trade  languished  after  a  time.  In  1693  ^^  Sucar 
was  sent  out  to  reopen  du  Lhut's  old  trade  routes,  notably  the  Bois 
l^rule-St.  Croix  route,  in  order  that  they  might  take  the  place  of  tfie 
better  Fox-Wisconsin  route  which  had  been  closed  by  the  recently 
awakened  hostility  of  the  Foxes  for  the  French.  His  many  activities 
included  a  s])ectacular  but  commercially  unprofitable  copper  mining, 
and  also  the  construction  of  a  fort  and  village  on  La  Pointe  Island.* 
I  am  sure  from  what  I  saw  and  heard  on  La  Pointe  Island  that  the 


'  1895.  P-  401- 

^  Thwaites,  18O5,  p.  402  ff. 

'Thwaites,  1895,  pp.  403-4:  map  at  page  419;  Jes.  Rcl.  for  1666-1667  and 
1670-1671. 

*  Thwaites.  1895.  p.  406;  Bulletin  30.  Vol.  2,  474, 
"  Parkman,  1887.  p.  33 ;  Thwaites,  1895.  P-  4o6. 

*  Thwaites,  1895,  p.  407  ff. ;  Appleton's  Cycl..  Vol.  2,  p.  252,  Article  Du  Lhut. 
M'hwaites,  1895,  pp.  408-411;  Appleton*s  Cycl.,  Vol.  3,  p.  698,  Article  Le 

Sueur. 
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site  of  this  fort  is  in  the  large  field  on  the  southwestern  end  of  the 
island.  A  description  of  this,  the  "  French  Fort  Site/'  will  be  given 
later,  together  with  a  report  on  present  conditions  there.  The 
fur-trade  flourished  under  the  French  throughout  the  region  from 
1 693- 1 756.  There  was  a  succession  of  French  commandants,  one  of 
whom,  Linctot,  made  peace  between  the  Ojibwa  and  the  Sioux  about 
1720.^  In  this  long  stretch  of  years  the  Ojibwa.  who  by  now  had 
returned  to  the  island,  passed  through  many  changes.  Their  needs 
were  elaborated  and  Europeanized ;  race  intermixture  occurred,  and 
new  forms  of  disease  were  introduced,  together  with  a  craving  for 
whiskey.  The  anthropologist  who  wishes  to  study  the  Ojibwa  in 
their  primitive  circumstances  must,  then,  look  behind  this  period. 

From  1 730- 1 744,  the  Chequamegon  region  was  controlled  by  the 
Sicur  La  Ronde  Denis  and  his  son.  They  were  not  successful  in  their 
search  for  copper  mines,  but  they  built  a  forty  ton  sailboat  which 
was  the  first  on  Lake  Superior.-  At  that  period  the  island  was  called 
Isle  La  Ronde. 

In  1760-1761  the  French  fort  on  La  Pointe  was  destroyed  by  some 
traders  who  were  horrified  by  the  crimes  of  a  voyagenr  who,  in  that 
winter,  had  killed  Joseph,  a  clerk,  and  his  master,  as  well  as  Joseph's 
wife  and  child. 

In  1765-66  Alexander  Henry,  a  Ilritish  trader,  was  vested  with 
sole  right  to  trade  on  Lake  Superior.  He  associated  with  him  in  his 
business  a  young  l^Venchman  named  Jean  I>aptiste  Cadotte.**  During 
the  same  period  ( 1760- 1800)  a  Scotch-Irishman  named  John  Johnston 
established  himself  near  the  old  French  fort  at  La  Pointe  Island, 
not  far  from  the  spot  later  occupied  by  the  "  Old  Mission."  and 
carried  on  trade  with  an  Ojibwa  village  on  the  site  of  the  modern 
Bayfield.    Johnston  married  a  daughter  of  the  chief  of  I, a  Pointe.* 

The  family  of  Jean  Baptiste  Cadottc,  Sr.,  soon  arose  to  prominence 
among  the  Chippewa.  He  married  a  girl  of  the  tribe  and  lived  with 
her  at  Sault  Ste.  Marie.  His  two  sons.  Jean  Baptiste,  Jr.,  and 
Michel,  took  up  his  business  iii  1796.  In  1802  Michel  moved  to  La 
Pointe,  where  he  married  li^quaysayway,  daughter  of  White  Crane, 
chief  of  La  Pointe.-'  Michel  Cadotte  occupied  the  site  of  the  old 
French  fort.  His  house,  dismantled  and  dilapidated,  remains  to  this 
day.    He  became  an  agent  of  Astor's  American  Fur  Company,  which 


*Thwaites,  1895,  p.  411. 

•Thwaitcs.  1895,  p;  411 ;  Butler,  1894,  p.  87. 

*  Henry.  1809,  p.  197  flf. 

*Thwaites,  1895.  p.  415. 

•Thwaites.  1895,  p.  415. 
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played  an  important  r^  on  the  island  in  the  Soft  half  of  the  nine- 
teenth century.    He  died  at  La  Pointe  in  1837. 

In  1818  Lyman  Marcus  Warren  and  Truman  Abraham  Warren 
arrived  at  La  Pointe  from  western  Massachusetts.  Lyman  Warren, 
also  an  agent  for  the  American  Fur  Company^  married  a  daughter  of 
Michel  Cadotte ;  he  died  in  1847.  His  son,  William  Whipidc  Warren, 
is  our  chief  authority  on  the  earlier  history  of  the  Chippewa.^ 

Although  the  wife  of  Lyman  Warren  was  a  Catholic,  he  invited 
missionaries  of  his  own  church  (Presbyterian)  to  La  Pointe.  For 
the  first  time  since  the  days  of  Allouez,  missionaries  were  important 
in  the  lives  of  the  Ojibwa.  In  1831  the  Rev.  Sherman  Hall  arrived 
at  La  Pointe  with  his  wife,  who  was  a  teacher.  Vfitii  them  was  their 
friend,  Mrs.  John  Campbell,  who  acted  as  interpreter.'  They  bnih 
their  mission  about  a  mile  north  of  the  French  fort.  This  building 
is  now  a  part  of  an  attractive  stunmer  hotel  owned  by  the  Messrs. 
Salmon  who  showed  the  writer  so  much  kindness. 

About  1830  the  American  Fur  Company  moved  its  village  to  Ae 
place  where  the  La  Pointe  of  our  own  day  stands.  The  old  anchorage 
(at  the  French  Fort  Site)  was  filling  with  sand,  while  the  size  of  the 
boats  used  was  steadily  increasing.* 

In  1845  niost  of  the  Ojibwa  remaining  on  the  island  were  moved 
over  to  the  new  La  Pointe  Reservation  at  Odanah,  where  they  are 
to-day.  The  last  representative  of  the  Cadotte  family  was  an  dU 
Indian  whom  Mr.  Stone  knew  so  well  and  from  whom  he  received 
much  information  about  the  past  of  his  tribe.  This  old  man,  Jean 
Baptiste  Cadotte,  3d,  died  in  1913. 

PRESENT    CONDITIONS   ON   LA    POINTE   ISLAND   AND 

PROSPECTS  OF  ARCHEOLOGICAL  WORK  ON 

THE  ISLAND  AND  IN  THE  REGION  OF 

CHEQUAMEGON  BAY,  WISCONSIN 

When  the  writer  went  to  La  Pointe  Island,  Wisconsin,  with  tibe 
expectation  of  doing  archeolog^ical  work  there,  he  found  the  present 
conditions  unfavorable  for  work  at  just  that  time.  The  situation  was 
this: 

La  Pointe  Island  is  thickly  settled,  largely  with  a  populaticm  of 
stunmer  residents.  A  good-sized  hotel  (the  "  Old  Mission  '*)  attracts 
many  people  there,  and  the  half-breed  Indian  natives  of  the.islaiid 
largely  support  themselves  by  work  connected  with  the  hotel  and  its 


*  Thwaites,  1895,  P.  416  ff. 
'  Thwaites,  1895,  p.  419. 

•  Thwaites,  1895,  p.  421. 
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dependent  cottages.  A  goodly  portion  of  the  land  in  which  lie 
the  archeological  materials  is  now  given  over  to  cultivation;  the 
remainder  of  the  ancient  sites  is  still  covered  with  dense  woods.  In 
places  of  the  former  sort,  where  the  trees  had  been  cleared  off  and 
the  vegetal  mold  removed,  it  would  have  been  simple  enough  to  make 
excavations,  were  it  not  for  the  fact  that  standing  crops  of  com 
occupied  the  fields.    The  writer  found  it  impracticable  to  buy  the 
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crops,  and  of  course  it  was  impossible  to  diq:  without  destroying  them. 
To  wait  until  they  had  been  harvested  would  have  occupied  many 
weeks.  In  the  wooded  portions  of  the  sites  the  trees  are  very  thick 
and  the  undergrowth  is  dense.  It  would  be  impossible  to  make 
satisfactory  clearings  without  the  aid  of  several  laborers  These 
were  not  then  available. 

The  archeological  sites  on  La  Pointe  Island  will  now  be  defined 
in  chronological  order.  In  the  portion  of  this  paper  which  deals  with 
the  history  of  the  Ojibwa  the  importance  of  the  several  sites  is  dwelt 
on  at  greater  length. 
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The  oldest  site  is  to  be  f omid  mtciiug  a  hrgt  am  ahoot  two  and 
one-half  miles  northeast  of  La  Pointe  Tillige.  ThcaMckutly  oixu|iied 
area  extended  from  the  soatheastem  shore  to  the  nortfnvcateni 
shore  at  this  point.  ( Sec  map  2.  p.  9.)  By  the  ycariSOQ,  in  aD  proba- 
bility, the  Ojibwa  had  cstabHdied  themsdves  in  dus  area.  Thqr 
continued  to  occupy  it  and  adjacent  territory  to  Ae  sooAwcst  nntil 
1620.  This  territory  to  die  southwest  of  the  oldest  site  is  referred 
to  elsewhere  in  this  paper  as  the  *'  French  Fort  Site."  Though 
geographically  and  chronologically  a  subdivision  of  die  larger  and 
older  site  northeast  of  it.  the  French  Fort  Site  was  occupied  long 
after  the  oldest  site  had  been  deserted.  In  fact,  die  French  Fort 
Site  was  the  seat  of  the  Ojibwa  tribe  until  well  along  in  the  nine- 
teenth century.  The  last,  and  the  least  important,  Ojibwa  site  and 
burial  ground  on  I^  Pointe  Island  is  that  immediately  to  the  nordi 
of  the  "  Old  Mission/'  It  is  small,  and,  because  recent  and  Christian, 
it  is  not  of  archeological  interest. 

Ahnosi  all  of  the  oldest  site  is  covered  bv  woods.  Some  of  it  is  in 
farni"^.  Where  fields  now  exist,  the  writer  learned,  the  plentiful 
skeletal  material  is  in  fairly  good  condition  owing  to  the  fact  that  the 
sun  dries  out  the  sandy  soil  and  the  bones  it  contains.  In  the  woods, 
crjiirlitions  are  probably  less  favorable,  owing  to  roots  and,  above  all, 
to  rlanij;ness. 

A  >erifnis  difficulty  on  the  island,  however,  is  the  question  of  labor. 
The  mixed-bloods  refuse  to  disturb  the  graves  of  their  ancestors, 
and  wiiite  laborers  in  the  region  of  Chequamegon  Bay  were  found 
to  be  few.  expensive,  and  of  doubtful  quality. 

Tw'd  rjr  three  miles  south  of  the  French  Fort  Site  lies  Long  Island, 
where  the  Ojibwa  first  camped,  about  1490.  There  are  few  trees 
uj>on  LoiiLT  Island,  and  the  northwestern  extremity  of  it,  on  which 
the  village  was,  seems  an  ideal  ])lace  for  the  archeologist.  Because 
of  its  remoteness  it  is  not,  like  the  sites  on  La  Pointe  Island,  liable  to 
hr>stiliiies  tm  the  ])art  of  the  half-breeds  of  La  Pointe,  who,  Mr. 
Salmon  assured  me,  would  not  hesitate  to  attempt  a  forcible  preven- 
tion of  excavations  which  they  consider  sacrilegious,  at  least  on  the 
more  recent  French  Fort  Site. 

So  much  for  present  conditions  on  La  Pointe  Island  and  on  Long 
Island. 

The  following  table  gives  a  brief  chronological  recapitulation  of 

the  various  sites. 
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SYNOPSIS  OF  SITES  OCCUPIED  BY  THE  OJIBWA 

First  Site  (about  1490-1500).  The  northwestern  end  of  Long  Island,  then 
called  Shatig-ah-waum-ik-ong.  'This  site  would  yield  very  old  objects. 

Second  Site  (1500-1620).  The  region  about  two  and  one-half  miles  north- 
east of  modem  La  Pointe  village.  This  site  was  called  Mon-ing-wun-a- 
kaun-ing.  As  it  was  occupied  a  long  time,  the  occupied  area  gradually 
spread  southwestwardly  along  the  shore  into  the  "  French  Fort  Site." 

Tried  Site  (1620-1661).  Just  south  of  Washburn,  probably  at  the  mouth 
of  Vanderventer's  Creek.  Other  places  were  inhabited  by  the  Chippewa 
at  this  time,  also. 

Fourth  Site  (1661-1662).    On  the  northwestern  end  of  Long  Island. 

Fifth  Site.  1662- 1693  was  a  period  of  uncertainty  for  the  Chippewa.  They 
were  harassed  by  the  Sioux,  and  were  forced  to  wander  about. 

Sixth  Site  (i693-i9th  Century).  The  "French  Fort  Site"  which,  as  has 
been  said,  was  very  old,  was  reoccupied  durinp  this  period. 

MATERIAL  CULTURE  OF  THK  OJIBWA 

It  may  be  well  to  note  in  this  connection  those  aspects  of  the  life 
and  material  culture  of  the  Ojibwa  which  offer  some  indication  of  the 
class  of  objects  that  the  archeologist  may  expect  to  find  in  excavating 
the  various  sites  occupied  by  the  tribe. 

HOUSES  AND  GARDENS 

The  wigwams  of  the  Ojibwa  in  their  i)riniitive  periods  were  oval 
or  oblong  lodges,  made  either  of  birch-bark  or  of  skins  laid  over 
a  light  framework  of  slender  rods.  The  fastenings  were  thongs  or 
certain  rushes.  The  type  persisted  long  after  the  liluropeans  had 
shown  the  natives  how  to  erect  more  conmiodious  houses  of  logs,  and 
is  still  to  be  met  with  occasionally  among  some  of  the  less  civilized 
grou])s  of  the  tribe.^  The  lodges  harl  but  one  fireplace,  and  they 
were  occupied  by  but  one  family.  In  other  cases,  however,  long 
lodges  with  two  or  even  three  firej^laces  existed.  These  accommo- 
dated as  many  as  six  families.  Besides,  there  were  the  lodges  of  the 
Midewiwin. 

The  Ojibwa  had  gardens,  even  in  the  earliest  j)eriods.  Pumj)kins 
and  maize  were  apparently  the  agricultural  staples,  if  not  the  only 
vegetables  grown,  but  wild  fruits,  wild  rice,  and  maple  sugar  were 


*A  picture  of  a  dome-shaped  Chippewa  (same  as  (Ojibwa)  house  appears 
in  Bulletin  30,  Vol.  2,  p.  131.  See  also  illustration  in  Dr.  Ilrdlicka's 
report  on  his  trip  to  the  Chipi)cwa  of  Minnesota,  in  Kxplorations  and  FieM- 
work  of  the  Smithsonian  Institution  in  191 5,  Smithsonian  Misc.  Coll.,  Vol.  66, 
No.  3,  fijr.  89. 
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gathered  in  addition.   Hunting  and  fishing  were  fdifid  on  to  furnish 

the  major  part  of  the  food.^ 

IMPLEMSNTS,  CANOES,  ETC. 

The  Ojibwa  were  canoe-using  people,  which  was  a  natural  out- 
come of  their  environment  Some  of  the  canoes  built  were  of 
considerable  size.  These  large  canoes  were  often  empkqred  for 
carrying  war-parties  in  the  old  days,  and  in  later  times  tfaqr  were 
used  for  carrying  voyageurs  and  their  merchandise.  Thqr  were 
constructed  in  much  the  same  manner  as  the  wigwams,  namely,  of 
bark  laid  over  a  light  framework,  sewn  together  and  calked  with 
pitch.  Dug-outs  were  not  made  by  the  Ojibwa,  though  used  by  some 
surrounding  tribes.^ 

The  Ojibwa  were  skillful  makers  of  pipes,  the  material  used  being 
commonly  a  fine-grained,  soft,  reddish  pipe-stone  from  the  mainland. 
Mr.  Stone  presented  an  excellent  example  of  such  a  pipe  to  Ae 
Wisconsin  Historical  Society  a  few  years  ago;  it  was  sdxnit  seven 
inches  long  and  of  fine  workmanship.  The  writer  was  shown,  by 
the  farmer  who  now  holds  the  "  French  Fort  Site/*  several  fragments 
of  well-cut  and  polished  pipes  of  similar  nature.  The  cavity  for 
the  tobacco  appeared  to  have  been  made  by  use  of  the  sand-water- 
and-stick  method ;  it  was  too  narrow  to  permit  the  insertion  of  any 
other  inii)lement,  and  the  striations  caused  by  the  sand  were  visible 
on  the  inside  of  the  bowl. 

The  old  Ojibwa  made  fire  by  the  bow  method.  Pottery,  decorated 
with  simple  incised  designs,  was  used  in  cooking.  These  vessels 
as  well  as  the  various  receptacles  and  utensils  made  of  stone,  birch- 
bark,  and  skins,  were  gradually  discarded  after  the  contact  with 
whites  was  established. 

The  dress  of  the  men  consisted  of  a  long  coat  or  shirt  of  skins, 
and  long  leggings.  The  women  wore  a  short  garment  of  deersldn. 
Fringes,  porcupine-quills,  and  feathers  were  employed  for  decoration. 
Fur  robes  were  used  in  cold  weather.  Nose-  and  ear-ornaments  vrere 
common.  Moccasins,  both  low  and  high,  were  worn,  and  a  long 
puckered  seam  running  up  the  foot  was  distinctive  of  the  Ojibwa 
moccasin  ^  and  gave  the  tribe  its  name. 


^  Cf.  Gilfillan,  1901,  p.  62;  McKenney,  1S27,  p.  289  (picture),  p.  418  (pictttre) ; 
Jones.  i86r,  pp.  71-73;  Warren,  1885,  pp.  40  and  97;  Lahontan,  1905,  p.  aso; 
Carver,  1781,  pp.  283-293. 

'  Thwaites,  1908,  p.  18 ;  McKenney,  1827,  p.  200 ;  Lahontan,  1905,  p.  80. 

*  Loudon,  1 808- 1 1,  Vol.  2,  p.  327;  Jones,  1861,  pp.  73-74  and  75-77;  Cirver, 
1 781,  pp,  225-230;  Warren,  1885,  p.  36. 
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BURIAL  CUSTOMS 

When  an  Ojibwa  died,  his  body  was  dressed  in  new  and  elaborate 
garments.  He  was  then  wrapped  in  strips  of  birchbark  and,  together 
with  his  best  implements  and  weapons,  was  buried,  his  head  to  the 
west,  the  land  of  the  future.  In  later  times  wooden  coffins  came 
into  use.  McKenney  gives  a  picture  which  indicates  that  scaffold- 
burial  was  used,  possibly  during  winter  when  the  ground  was 
frozen  hard,  for  Ojibwa  children.  Though  common  in  Dakota,  it 
was  probably  rare  among  the  Ojibwa.^ 

PICTOGRAPHY 

The  pictography  of  the  Ojibwa  was  connected  mostly  with  the 
Midewiwin  and  its  rites.  Brinton,  however,  mentions  adjidjiatig, 
or  grave-posts.  Hoffman  has  discussed  at  length  the  nature  and 
significance  of  the  sacred  bark  records  of  the  Midewiwin  and  figures 
several  specimens  of  them.- 

CONCLUDING  REMARKS 

From  the  foregoing,  it  would  seem  that  archeological  exploration 
of  the  oldest  Chippewa  burials  on  both  Long  and  La  Pointe  islands 
will  probably  result  in  the  recovery  of  considerable  skeletal  material 
which,  in  view  of  the  extensive  subsequent  admixtures  into  the  tribe 
of  white  and  other  blood,  would  doubtless  prove  of  great  value  to 
science.  Besides,  there  will  doubtless  be  stone  pipes,  more  or  less 
pottery,  and  some  stone  implements  including  possibly  some  cere- 
monial forms,  and  there  is  a  chance  that  some  primitive  tools  of 
native  copper  may  also  be  found.  More  perishable  articles  have  of 
course  by  this  time  disappeared.  In  the  burials  dating  from  the 
time  when  contact  with  the  French  was  established,  there  is  a  bare 
chance  that  a  recovery  may  be  made  of  medals,  coins,  or  other 
articles  which  would  serve  to  corroborate  certain  dates. 

At  all  events,  the  La  Pointe  and  surrounding  sites  must  be 
r^^rded  as  among  the  best  dated  and,  from  the  standpoint  of 
anthropology,  most  valuable  sites  which  await  careful  exploration 
in  the  northern  states. 


^Loudon,  1808-1811,  Vol.  2,  p.  296;  Carver,  1781,  pp.  39^-399:  Jones,  1861. 
pp.  98-101;  McKenney,  1827;  Bulletin  30,  Vol.  i,  p.  946. 
«     'Brinton,  1890,  p.  228;  Hoffman,  1891,  p.  286;  Carver,  1781.  pp.  414-417; 
Belcourt,  1872,  p.  232;  Willis,  1859. 
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THREE   REMARKABLE   NEW   SPECIES  OF  BIRDS 

FROM    SANTO   DOMINGO 

By  J.  H.  RILEY 

Dr.  W.  L.  Abbott,  the  well-known  traveller  and  collector,  durii 
the  past  summer  and  fall  paid  a  visit  to  Santo  Domingo,  the  Spanis 
speaking  portion  of  the  Island  of  Haiti.  He  visited  the  highlands 
the  interior  where  few  zoological  collectors  have  ever  penetrated  ai 
amongst  the  last  shipment  of  birds  received  from  this  region  t 
three  following  prove  to  be  apparently  undescribed.  One  is  a  whit 
winged  crossbill,  another  is  a  song  sparrow  of  the  genus  Brachyspii. 
both  belonging  to  genera  that  have  never  been  reported  from  t! 
West  Indies,  while  the  owl  is  closely  related  to  a  species  found 
Cuba  and  on  the  mainland,  from  which,  however,  it  is  very  distin< 

These  three  birds,  without  question,  are  the  most  remarkable  di 
coveries  in  West  Indian  ornithology  in  recent  years. 

ASIO  NOCTIPETENS,  sp.  nov. 

Type,  U.  S.  National  Museum,  No.  249475,  (^  adult,  Constan; 
4,000  feet,  Santo  Domingo,  September  23,  191 6.  Collected  by  E 
W.  L.  Abbott. 

Similar  to  Asio  stygius  ( Wagler)  but  much  darker,  with  the  light 
markings  much  restricted  everywhere  above  and  entirely  disappea 
ing  on  the  interscapular  region.  Wing,  300;  tail,  161 ;  culmen  frc 
cere,  21  mm. 

Remarks:  Below,  the  diflferences  are  not  so  well-marked,  b 
still  the  dark  markings  are  darker  than  in  Asio  stygius,  while  the  di 
ferences  above  are  obvious.    The  type  is  the  only  specimen. 

LOXIA  MEGAPLAGA,  sp.  nov. 

Type,  U.  S.  National  Museum,  Xo.  249615,  (^  adult,  El  Rio,  4,0 
feet,  Santo  Domingo,  October  7,   1916.     Collected  by  Dr.  W. 
Abbott. 

Similar  to  Loxia  bifasciata  (Brehm)  but  with  a  heavier  and  stout 
bill  and  shorter  wing. 

Description:  Head  dusky,  the  feathers  tipped  with  dull  scar! 
red  and  sulphine  yellow ;  back  dull  black,  the  feathers  washed  wi 
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dull  scarlet  red  and  sulphine  ydUow ;  mmp  sourlct  with  aome  aotter- 
ing  lemon  yellow  feathers;  tipper  tail-oovcrts\ dull  Uack  wadhed 
with  dull  scarlet :  lores  white  with  black  stippling;  anricnlars^  sides 
of  neck,  throat,  and  breast  light  grayish  olive,  the  feathers  tipped  or 
washed  with  dull  scarlet  red  and  lemon  yellow;  belly  dull  grayish, 
vinaceous  buff ;  flanks  dusky,  streaked  with  blackish  and  washed  with 
pinkish  and  yellowish.;  under  tail-coverts  black,  rather  broadly  edged 
with  white  and  washed  slightly  with  pinkish;  tail  dull  blade;  wings 
rlull  blaclv,  the  .^eater  and  middle  coverts  broadly  tipped  with  white 
with  a  pinkish  wash,  forming  two  wing  bands ;  the  tertials  also  edged 
with  whitL*;  under  wing-coverts  dusky,  the  feathers  edged  with 
whitish  and  with  dark  shaft  streaks ;  the  axillaries  white,  dusky  at  the 
base.  Winjii:,  80:  tail,  56;  culmen,  18.5;  tarsus,  17;  middle  toe, 
12.5  mm. 

Remarks :  besides  the  type  Dr.  Abbott  took  a  female  on  the  same 
r^?iy  and  while  he  found  these  birds  more  or  less  conunon  in  the  pines, 
only  succeeded  in  obtaining  the  pair.  The  female  resembles  the 
same  sex  of  Loxia  hifasciaia  but  is  smaller  with  a  much  stouter  and 
heavier  hill,  l^'rom  Loxm  leucoptera  the  present  species  can  he  told 
at  a  <^lance  by  its  heavier  and  much  less  attenuated  bill. 

BRACHYSPIZA  ANTILLARUM,  sp.  noY. 

7y/>r,  r.  S.  National  Museum,  No.  249605,  ^  adult,  Constanza, 
5/xx)  feet.  Santo  Domingo.  September  23,  1916.  Collected  by  Dr. 
W.  L.  Ahhott. 

Similar  to  Brachyspiza  capensis  peruvensis  (Lesson)  from  the 
highlands  of  Costa  Rica,  but  collar  around  hind-neck,  edging  of  wii^ 
externally,  hack  and  flanks  much  darker,  and  the  black  patch  on  fore- 
ncck  heavier.  Win^,  67;  tail,  63.5;  culmen,  12;  tarsus,  24;  middle 
toe,  14.5  mm.  ^ 

Remarks:  T.esides  the  type  Dr.  Abbott  took  two  additional  adult 
males,  one  adnit  female,  and  six  immature  specimens  at  the  type 
locality  and  an  additional  adult  male  at  El  Rio,  4,000  feet. 
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THE  DETERMINATION  OF  METEOR-ORBITS  IN  THE 

SOLAR  SYSTEM 

By  G.  von  NIESSL 

(Translation  by  the   late   Prof.   Qeveland   Abbe,   with   permission   of   the 

author  and  publisher,  from  the  Encyclopadie  der   Matliematischen 

Wisscnschaften,  Band  6,  Part  2,  Heft  3.    Dated  Vienna,  1907) 

GENERAL  THEORY 

The  orbits  of  those  bodies  which,  by  their  entrance  into  the  atmos- 
phere, become  incandescent  meteors,  have  a  planetary  character  in 
the  solar  system.  They  are  conic-sections  with  the  sun  as  one  focus. 
That  portion  of  the  path  revealed  to  us  by  observations  is  so  short, 
that  it  must  be  assumed  to  be  a  straight  line  even  in  the  most  accurate 
determinations.  Irregular  movements  that  are  conditioned  by  the 
shape  of  the  body  occasionally  occur,  but  are  here  left  out  of 
consideration. 

For  all  orbits  that  thus  become  visible,  the  smallest  distance  from 
the  earth's  center,  or  in  geocentric  phraseology,  the  perigee,  is  very 
small  in  comparison  with  the  distance  from  the  sun  or  the  corre- 
sponding radius  vector  of  the  orbit  of  the  earth,  and  can  be  neglected 
in  comparison  therewith.  Hence,  for  the  duration  of  fall  the  helio- 
centric radius  vector  of  the  meteor's  i>ath  will  be  assumed  as  identical 
"with  that  of  the  earth's  orbit.  Furthermore,  since  for  the  same 
reason,  the  collisions  with  the  earth  can  be  considered  as  identical 
with  the  passage  of  the  meteor  through  one  of  the  nodes  of  its  path, 
therefore  from  the  solar  ephemeris  for  the  date  of  collision  we  find 
directly  the  longitude  and  the  radius  vector  of  that  node  of  its  path. 

The  apparent  location  of  the  visible  path  of  the  meteor  in  the  sky, 
depends  parallactically  on  the  location  of  the  station  of  observation. 
It  will,  therefore,  for  the  near-by  meteors  show  greater  apparent  dis- 
location than  for  those  more  distant.  Any  point  of  the  rectilinear 
path  or  its  prolongation  backwards,  that  is  so  far  removed  from  all 
observing  stations  that  their  respective  mutual  distances  no  longer 
come  into  consideration,  will  be  seen  at  the  same  point  in  the  sky  from 
all  stations.  This  perspective  point  of  divergence  of  the  apparent 
paths  instead  of  the  true  paths  as  seen  from  different  places  on  the 
earth  is  the  point  of  apparent  radiation  or  convergence.    This  deter- 
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the  banning  of  the  observed  luminous  streak  is  ordinarily  not  t 
same  as  observed  everywhere,  but  that  in  this  respect  differences 
to  large  angular  arcs  and  up  to  hundreds  of  kilometers  in  line 
measure  can  occur.  We  must  except  the  cases  with  long  endurii 
sharply  marked  traces  when  the  observations  relate  especially  to  th< 
and  not  to  the  whole  orbit. 

In  general  the  orbit  may  not  be  deduced  by  asstuning  the  ident 
of  the  indicated  initial  points  of  visibility. 

Since  the  true  orbit  does  not  differ  appreciably  from  a  straight  lii 
the  eye  of  the  observer  determines  with  it  a  plane  which  is  a  secti 
or  great  circle  of  the  celestial  sphere.  The  so-called  apparent  orb 
observed  at  different  places  can  therefore  be  considered  as  arcs 
great  circles  which,  on  being  produced  backwards  (in  the  directi 
opposite  to  the  course  of  the  meteor),  will  indicate  by  their  int< 
section  the  apparent  radiant. 

The  determination,  of  this  apparent  radiation  point  depends  th 
upon  the  fact  that  one  intersection  is  given  by  many  great  circles  tl 
do  not  coincide  but  are  given  by  the  observations  of  the  same  mete 
made  at  many  places. 

If  now  two  sets  of  arcs  of  orbits  are  at  hand  the  solution,  whet! 
by  computation  or  by  graphics,  is  so  simple  that  it  does  not  requ 
further  explanation.  The  problem  is  more  complicated  when  num< 
ous  observations  are  to  be  united,  and  yet  it  is  especially  desirat 
in  fact  important,  to  use  a  great  excess  of  observations  in  order 
determine  the  orbits  of  the  great  fire  balls  and  meteorites  for  whi 
we  often  have  less  accurate  and  partly  also  incomplete  materi 
These  are  the  typical  cases  to  which  the  following  explanations  v 
principally  relate. 

The  positions  at  which  the  planetary  path  of  a  large  meteor 
checked  by  the  resis£ance  of  the  air  (the  end  of  the  orbit)  is  alm< 
always  so  clearly  shown  by  special  phenomena  that  there  is  seldc 
any  doubt  as  to  the  identity  of  this  point.  Ordinarily  it  is  the  c 
single  point  in  the  orbit  of  which  this  can  be  assumed  with  eqi 
probability.  Moreover,  in  reference  to  it,  the  near  agreement  amo 
the  observers  is  practically  certain  and  occasionally  the  research 
favored  by  observations  of  sound  or  even  by  the  finding  of  pieces 
fallen  fragments  of  the  meteorite. 

The  most  accurate  possible  determination  of  the  location  a 
altitude  of  the  end  of  the  meteor's  track  forms  in  general  a  ve 
important  and  generally  indispensable  preliminary  to  all  furtl 
investigations. 
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There  is  no  great  geometrical  difficulty  in  so  solving  the  general 
problem  that  the  three  co-ordinates  in  space  of  the  end-point,  together 
with  the  spherical  co-ordinates  of  the  radiants,  are  obtained  by  the 
method  of  least  squares  from  one  system  of  equations.  But  such  a 
solution,  independently  of  the  fact  that  it  would  be  extremely  tedious 
and  have  little  importance,  would  only  seldom  lead  to  any  useful 
result.  It  will  therefore  not  be  further  considered  here,  but  the 
determination  of  the  end-point  will  be  separately  treated  as  a  neces- 
sary preliminar}'  work. 

A.    DETERMINATION  OF  THE  GEOGRAPHIC  CO-ORDINATES  AND  THE 

ALTITUDE  OF  THE  END-POINT 

There  are  good  reasons  why  it  will  generally  be  useful  to  divide 
this  problem  into  two  parts,  determining  first  the  geographical  loca- 
tions and  afterwards  the  linear  altitudes.  In  certain  cases  the  general 
treatment  of  the  problem  is  necessar>^  or  at  Jeast  appropriate.  In 
order  to  determine  all  three  unknown  quantities  the  observations  of 
three  appropriate  elements,  including  one  apparent  altitude  angle, 
must  be  furnished  by  at  least  two  places.  The  other  two  elements 
may  be  directions  or  azimuths  and  it  is  generally  best  that  this  should 
be  the  case.  Evidently  three  azimuths  are  not  sufficient  if  we  wish 
to  find  the  linear  altitude,  but  on  the  other  hand,  the  problem  can 
generally  be  solved  with  three  apparent  altitudes.  The  determination 
of  the  geographical  location  merely  by  means  of  parallax  in  altitude 
will  indeed  be  the  only  possibility  if  the  parallax  in  azimuth  is  not 
given,  for  example,  if  the  locations  of  the  places  of  observation  fall 
in  the  same  vertical  plane  as  the  terminal  point  of  the  meteor's  path. 

Sometimes  the  observed  altitudes  are  so  uncertain  that  the  accuracy 
of  the  result  is  diminished  by  combining  them  with  the  observed 
directions.  If  we  have  reliable  azimuths  with  a  sufficiently  accurate 
parallax,  then  it  is  preferable  to  determine  the  location  of  the  terminal 
point  from  these  alone,  whereby  we  assume  that  the  spheroidal  earth 
can  he  replaced  with  sufficient  accuracy  by  a  sphere  of  corresponding 
radius.  We  can  with  advantage  make  use  of  the  following  approxi- 
mate method. 

At  the  locations  Oj,  On-  -  -  -  on  the  earth's  surface  specified  by  the 
geographic  co-ordinates  L  and  </>,  let  observations  be  made  of  the 
azimuth  A*i€  of  the  terminal  point  E  (Le,  </)e)  of  the  meteor's  path. 

First  of  all  let  approximate  values  Lo,  4>o  of  L,  </>  be  found  by  some 
short,  perhaps  graphical,  method,  also  let  an  approximate  value  Ho 
for  the  linear  altitude  Ih  be  sought  out.  Ordinarily  these  come,  so 
to  speak,  of  their  own  accord  before  the  commencement  of  the  real 
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calculations,  since  in  the  gradual  carrying  out  of  the  observations  ai 
approximate  judgment  must  be  formed  of  the  location  of  the  termina 
points.  In  all  important  cases  that  are  worthy  of  a  more  thorougl 
treatment  of  the  observations  a  preliminary  idea  of  these  quantitie 
will  soon  be  obtained. 

With  these  approximate  values  we  now  compute  approximate  azi 
muths  from  Oi  to  E  which  will  be  denoted  here  by  A\e  and  also  thos 
for  the  readily  deducible  directions  from  £  to  Oi  which  we  shal 
denote  by  A\i,  Furthermore,  we  find  the  approximate  distance 
OiE  or  the  spherical  amplitudes  c<  and  approximately  the  apparen 
altitudes  hie.  The  latter  influence  this  determination  only  in  so  fa 
as  even  quite  crude  approximations  suffice  when  we  do  not  desire  t 
use  observed  quantities. 

Finally  we  must  form  the  numerical  values  of  all  the  difference 
/!%«— ^%tf=«i.  If  now  we  assume  Le^Lo+^Lo,  <^e=<^o+A<^oi  ii 
which  ^o  and  A<^o  are  the  corrections  to  be  determined  for  the  pre 
liminary  co-ordinates  of  the  terminal  point,  then  if  Aie  denotes  th 
actual  value  of  the  azimuth  we  shall  obtain  from  the  equations 


tan  <f>e  cos  <^i : 
tan  ^0  cos  <^i  '• 
Aic 


cot  Aie  s\n(Le  — Li)  +  sin  il>i  COS (Le 
cotA\e  sin(Lo  — Li)  4-sin<^i  cos(Lo 

A^ie-\-Vi  StC  hie, 


L.-L, 


Li), 

Li), 


in  the  usual  way,  the  following  set  of  equations  for  the  errors : 


where 


Vi^Oi-{-aiX+biy, 
X = ALo  cos  ^o,    y = A^o> 

0|  =  a)|  COS  hie, 

^   _  COS  hie  ^^^    A* 
ai=:  -.—»-"  COS-^  ei, 

smc< 
smci 


(I 


(2 


The  general  factor  cos  hie  is  more  important  the  more  unequa 
the  distances  are,  so  also  are  the  hie's  because  the  errors  of  directio: 
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usually  attendant  on  such  observations  are  not  properly  differences 
of  azimuth,  but  small  spherical  arcs  which  correspond  to  very  dif- 
ferent azimuths  according  to  the  zenith  distance. 

From  the  equations  ( I ) ,  allowing  different  weights  to  the  individual 
observations  according  to  the  method  of  least  squares,  we  get  AL« 
and  A<^o  and  therefore  also  Lc  and  <^r  with  their  mean  errors. 

The  final  azimuths  are,  therefore, 

Au  =  A*u-\-Vi  sec  hu. 

In  case  the  V{'s  are  too  large  it  is  to  be  recommended  that  Au  should 
be  computed  again  directly  from  the  final  Le  and  <^e. 

Of  course  we  determine  x  and  y  in  the  units  of  the  absolute  term 
Oi,  In  this  respect  we  can  introduce  various  modifications  according 
to  circumstances. 

If  we  designate  by  /£<  the  spherical  distance  of  the  approximate 
terminal  point  EJLo,  <^o)  from  the  observed  direction  designated  by 
A*i,,  then  we  have  approximately  a)(=/ii  cosecc^. 

If  we  then  put 

cus  hie /  ' 

sine,    -^^*'         ^  .  (3) 

cos  A\i  =  aiy     s\i\A'ei=  —hi,  : 
we  izet 

Vi  =  Vy<  (fti  -f  aiX  -f  biy) ,  (4) 

and  \  y,  is  a  weii;ht  factor  for  the  whole  equation. 

[f  we  «ie^ire.  fur  example,  when  reading  from  the  chart  for  fn,  as 
our  unit  a  measure  of  length  which  shall  then  also  hold  good  for  x  and 
V  while  the  z-'s  shall  be  given  in  degrees,  so  that  in  general  the  units 
may  be  taken  to  be  one  kilometer  for  altitude  and  one  degree  for 
azimuth,  then  the  above-given  equation  for  Vy<  will  still  have  to  be 
multiplied  by  the  following  factor 

7,         ^  c    =  ^  =0.0080807, 

where  'lie  <  arth'-  radius  is  assumed  to  be  7?  — 6,380km. 

It  i^  ea^y  to  see  that  the  coefiicients  ai  and  bi  can,  therefore,  vrith 
advantacre,  l)e  read  oil  graphically,  especially  when  the  observations 
do  not  de-erve  the  most  accurate  computational  methods. 

If  we  also  find  it  advisable  to  use  the  parallax  in  altitude  in  the 
determination  of  the  location  of  the  terminal  point  (Le,  <^e),  which 
as  we  have  already  mentioned,  is  scarcely  avoidable,  then  the  approxi- 
mate value  Hr,  must  be  deduced  more  accurately  and  the  consequent 
apparent  altitude  Jur  corresponding  to  the  preliminary  distance  Du 
must  be  computed  more  carefully. 
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If  /f«=He+ Aifo>  and  ALo  cos  <t>o=x,  A^o=3^^  Aifo=j8r  in  longitu 
measure,  while  the  corrections  of  the  observed  directions  and  t 
observed  altitudes  hie  are  given  in  degree  measure  and  if  we  put 

(tan  A<a+sin  €i)cos  €i=i?'<, 
cos*  hir 


7?     or/^ro        '  =Vy i' COS  hie  =  Fi, 

K  •  arc  I    •  sin  €< 


(, 


—FiKi  sin  A\i=au 
"FiKi  cos  A*ci  =  fci, 

Fi  =  a, 

then  the  error  equations  which  we  determine  from  the  directio 
become 

Vi=m  +  aiX+biy  +  ds.  (( 

From  these  results  again  we  obtain  the  normal  equations  and  t 
unknown  quantities. 

This  method  should  only  be  used  with  reliable  altitudes  and  shou 
only  be  applied  when  those  deducted  from  stations  in  the  neighborho< 
of  the  terminal  point  are  to  be  compared  with  those  further  remove 

If  we  desire  to  determine  the  linear  altitude  of  the  terminal  poi 
separately  on  the  basis  of  the  geographical  location  of  this  point 
already  determined,  then  we  usually  combine  the  individual  distanc 
Die  of  the  corrected  terminal  point  with  the  corresponding  observ 
apparent  altitudes  hie  in  order  to  obtain  individual  values  of  He  fro 
which  an  average  value  may  then  be  determined.  The  distanc 
do  not  need  to  be  newly  computed  when  they  are  known  from  previo 
work  with  reference  to  the  preliminary  terminal  point,  since  they  c; 
easily  be  corrected  from  the  corrections  already  determined,  vis 
ALo  cos  <l>o  and  A<^oi  and  in  fact  with  the  help  of  the  azimuth  4ie  th 
can  be  easily  reduced  to  the  definitive  point  Lej  <t>e,  for 

A  n  —     ^^  ^^^  <^'>  _  _      ^4>n 

Sin  A  ir  cos//    ir 

Since  the  reduction  of  the  distance  to  the  chord  for  such  determin 
tions  of  altitude  is  generally  unnecessary,  we  can  adopt 


sm(A.+  -;*) 


Hi  =  Die  / 1      ,       \     •  ( 

COS(/l<+€j 

If  we  put  /m+  **  =hi  then  up  to  10,000  kilometers  the  approxims 
height  will  be 

Hi= Die  t^n  hi' +  ,,^^  {DietSLuhiy,  ( 
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even  the  first  term  is  sufficient  for  several  hundred  kilometers.  In 
consideration  of  the  various  uncertainties,  the  application  of  a  cor- 
rection for  refraction  will  seldom  be  of  any  advantage,  except  that  it 
may  be  done  in  cases  of  ver}'  large  distances. 

If  we  desire  to  consider  the  weight  when  we  unite  the  individual 
determinations  of  the  Hi's  to  an  average  value,  then  we  must 
consider  carefully  the  weights  of  the  observed  values  of  the  hiS  that 
have  been  adopted,  generally  these  weights  cannot  easily  be  estimated. 

Large  differences  in  the  altitude  above  sea  level  of  the  individual 
places  of  obser\ation  are  easily  allowed  for. 

r,.    THE  DETERMINATION  OF  THE  APPARENT  POSITION  OF  THE  RADIANT 

The  data  hitherto  useful  can  be  g^ven  in  different  forms,  viz. : 

1.  The  co-ordinates  (A,  h  or  a,  8)  of  the  beginning  and  end  of  the 

apparent  j">ath. 

2.  Any  two  other  i)oints  of  the  path,  or  even  one  point  only,  when 
it  does  not  lie*  too  near  the  assinned  terminal  point  already  well  estab- 
lished. To  this  also  belongs  the  indication  of  the  direction  of  motion 
by  means  of  some  distant  stars. 

3.  The  apparent  inclination  to  the  vertical  of  a  portion  of  the  orbit 
at  the  terminal  {)oint.  or  the  position  angle  with  respect  to  the  vertical. 
This  T  think  can  also  be  given  for  any  other  well-established  portion 
of  the  path.  In  the  case  of  paths  that  have  a  culminating  point,  the 
ai»iiarent  ahitude  of  the  culmination  is  often  sufficient,  but  the  azi- 
muth les-  fre<|uenil\ .  \'er\'  often  it  is  possible  to  utilize  a  determina- 
tion, that  is  l)etter  than  a  mere  estimate,  of  the  apparent  node  of  the 
orbit  at  the  horizon  or  the  apparent  direction  of  motion  with  refer- 
ence \o  .-onie  p<.)int  in  the  horizon. 

The  utihzation  of  the  items  mentioned  under  this  latter  subdivision 
Xo.  3.  a--unie<  that  the  terminal  point  has  already  been  determined 
ivom  other  data.  Sometimes,  for  instance,  in  the  case  of  very  short 
f)ath-,  the-e  'lata  are  more  useful  than  the  co-ordinates  of  the  begin- 
nin.L^  aiKl  en«l  of  ih.e  path.  In  such  cases  graphic  sketches  of  the 
ohserved  j)ath  are  always  a  desirable  addendum. 

At  tir-t  from  the  known  |X)sition  and  altitude  of  the  terminal  point 
its  a[)parent  eciuatorial  co-ordinates  for  the  individual  places  or  obser- 
vation- are  calculated  and  in  case  I  are  taken  instead  of  the  observed, 
in  ca^e  2  they  are  taken  for  the  co-ordinates  of  the  unspecified 
terminal  point. 

In  the  case>  mentioned  under  item  3,  these  computed  co-ordinates 
>^erve  for  the  two  ends  of  the  given  apparent  arc  of  the  orbit.    If  N' 
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is  the  inclination  of  the  apparent  orbit  to  the  vertical  through  t 
terminal  point  (A9,  A«)  in  the  incomplete  observation  as  given,  wh 
N  is  the  inclination  to  the  horizon  at  the  apparent  node  of  the  or 
and  Ak,  the  azimuth  of  this  node,  then  we  have 

cos  N = sin  N'  cos  he, 
tan/=tan  A/^' sin  Ac,  -  ( 

Ak  =  Ae±f, 

where  the  plus  or  minus  sig^  is  taken  according  as  the  movement 
the  meteor  is  in  the  direction  of  increasing  azimuth  or  in  the  oppos 
direction. 

In  a  similar  way  the  relations  are  obtained  when  the  angle  with  t 
vertical  at  any  other  point  of  the  orbital  path  has  been  observed,  a 
for  which  either  the  azimuth  or  altitude  or  distance  from  the  termii 
point  along  the  path  must  be  given. 

In  cases  i  and  2  the  two  given  points  on  the  path  are  comput 
from  the  co-ordinates  a<',  8i',  and  a/',  8<",  and  then  for  the  great  cir< 
thus  determined  is  computed  the  right  ascension  o^  of  the  ascendi 
node  on  the  equator,  and  the  inclination  /  to  the  equator. 

With  l^"^'=.f,  we  have 
tan  8" 


tan(a  -ajc)  = —- 

I— JCOS(a   — a  )   » 

,      r  tan  8'  tan  8" 

tan/= 


(I 


sin(a'  — afc)  sin(a"  — ttjfc) 

Ok  must  thus  be  chosen  so  that  the  two  equations  for  /  are  satisfied. 

These  determinations  can  be  made  rapidly  and  with  sufficic 
accuracy  by  the  use  of  a  spherical  net  work  or  chart  on  the  g^omoi 
projection  and  a  correspondingly  large  scale. 

This  method  is  also  to  be  used  in  the  third  case.  Finally,  every  si 
tion  of  observation  that  furnishes  usable  data  should  employ  a  gn 
circle  drawn  through  ok  and  /  with  the  appropriate  direction  of  moti 
to  determine  the  radiant.  If  these  apparent  orbits  were  free  fn 
error,  then  by  extending  them  backward,  they  would  all  intersect 
the  radiation  point  (a,  d),  that  is  to  say  the  equation 

sin(a— afci)tan/i  =  tand  (i 

would  then  be  satisfied  for  each  value  of  i  from  /  to  n. 

But  since  this  cannot  be  the  case  because  of  the  errors  of  obser\ 
tion,  we  must  apply  corresponding  corrections  to  the  observed  or 
paths.  In  doing  this  and  ignoring  certain  exceptional  cases,  it  w 
be  assumed  that  the  co-ordinates  a",  B'^  remain  unchanged  and  thei 
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fore  that  the  corrections  belong  only  to  a ,  V  (the  initial  point),  or  to 
Ik  and  /,  which  is  brought  about  by  a  rotation  around  the  apparent 
erminal  point,  a\  8".    This  rotation  must  be  so  made  that 

[/>(Aa'».cos-8'4-AO] 

s  a  minimum  for  the  necessary  corrections  cos  8/  •  Aa<'  and  A8«',  tak- 
ng  into  consideration  their  respective  weights  Pi, 

To  this  end,  again  just  as  in  the  case  of  the  determination  of  the 
geographic  co-ordinates  of  the  terminal  point,  we  proceed  best  by 
graphic  methods.  We  adopt  an  approximate  position  for  the  point 
[a,  d)  which  we  can  here  designate  by  {(lo,  do)  and  compute  or 
^•raphically  measure  its  normal  distance  A<  from  each  apparent  orbital 
)ath  aiij  Ji. 

If  we  regard  A  as  positive,  when  (oo,  do)  lies  within  the  northern 
x)lar  region  of  avt,  Ji,  and  if  we  wish  to  find  this  distance  as  correctly 
rompiited,  we  use  the  following  formula : 

sin  Ai=  — cos/<  sin  do  +  s'mJi  cos  do  sin(ao— au).  (12) 

Xow  since  the  Af's  represent  discrepancies,  the  corrections 

Aao  cos  do,  ^do 

mist  be  so  determined  that  those  shall  be  zero. 
Putting 

sin  Ji  cos( Go  — aki)  =cos  P{, 
cos  Ji  sec  do  =  sin  Pi\ 

Aflo  cos  do  =  X,  ^do  —  \\ 
sin  Ai  =  Ai, 

he  condition  for  this  is 

0  =  Ai  —  ,r  cos  Pi  +  y  sin  Pi.  ( 14) 

In  order  to  properly  express  the  equations  of  error,  we  must  still 
onsider  the  fact  that  A,  or  the  change  of  location  that  the  provisional 
-adiant  must  experience  in  order  to  fall  in  with  the  observed  orbital 
)ath,  is  not  an  oh  served  quantity  since  the  corrected  place  to  be 
)l)tained  by  the  rotation  is  (a  ,  S').  Let  f  be  the  change  that  must  be 
)rocinced  by  the  rotation,  then  we  have 


L 


(13) 


sin  A  ~   A   ~  sin/"  ^^S) 


.vhere  /  denotes  the  length  of  the  arc  from  (a\  8')  to  (a",  8"),  f^  that 

Tom  (a,„  do)  to  (a",  8")- 

Therefore  the  factor  ^^"  „  =  V  c  is  to  be  applied  to  the  whole  equa- 

sm  / 

ion  as  the  weight.    If  we  omit  this,  then  the  short  orbital  paths  have 
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much  too  heavy  a  weight,  since  for  these  this  ratio  of  the  sines  is 
very  small  fraction. 

If  the  apparent  path  be  computed  not  by  a',  y,  but  by  the  appare 
inclination  at  the  terminal  point,  we  shall  come  nearest  to  the  corn 
values  of  the  weights  if  we  assume  the  numerator  as  unity. 

It  is  best  moreover  as  a  matter  of  course  in  all  special  cases  to  app 
the  indicated  weight  of  the  observed  quantities. 

The  method  here  explained  is  based,  as  already  stated,  on  t 
assumption  that  the  terminal  point  can  be  located  with  sufficie 
accuracy  to  justify  the  assumption  that  the  apparent  positions  a",  \ 
computed  therefrom  remain  unchanged  in  determining  the  radiai 
If  this  is  not  allowable,  then  the  weight  of  the  individual  ai",  8i' 
must  be  deduced  from  the  average  error  in  the  determination  of  t! 
location  and  altitude  of  the  terminal  point,  and  then  an  estimate  mt 
be  made  of  the  weight  to  be  given  the  first  point  a«',  hi  of  the  orb 
The  corrections  for  both  points  must  then  be  determined  as  inverse 
proportional  to  the  weights  p'  and  />",  that  is  to  say,  the  rotation 
the  apparent  orbit  is  not  around  the  point  a",  8",  but  around  that  poi 

in  the  orbit  which  is  distant  from  this  by  the  quantity    -^—r„  •  /  ai 

from  a ,  y  by  a  quantity  —r-^,,  •  /.    If  /"  represents  the  spherical  di 

P  +P 
tance  of  this  division  point  from  the  assumed  radiant  a©,  do  then  tl 

factor  becomes  ^„, 

P  f 


sin 


/>'+/>■ 


^  sin  / 

If  we  cannot  or  do  not  wish  to  determine  the  terminal  point  of  tl 
orbit  beforehand,  then  in  general  the  two  points  a\  8'  and  a",  8"  niu 
receive  equal  weights  so  that  we  must  assume  * 

.    / 
sin  — 

If  the  radiant  is  determined  from  the  final  co-ordinates  a,  d,  th( 
for  each  place  of  observation  the  arcs  from  a,  d  to  ai\  8i"  will  indicat 
according  to  their  positions,  the  improved  apparent  orbit.  The  norm 
projections  of  the  point  a,  8'  on  this  arc  afford  us  on  one  hand  tl 
improved  apparent  arc,  and  on  the  other  hand  the  normal  componen 
of  the  errors  of  observation  projected  on  the  path.    Those  that  lay 

^  On  the  determination  of  the  radiant  from  numerous  observations  without 
previous  determination  of  the  terminal  points,  sec  also  R.  Lehmann-Filh 
"  On  the  theory  of  the  shooting  stars,  Berlin,  1878." 


12  SMITHSONIAN    MISCELLANEOUS    COLLECTIONS  VOL.    66 

the  direction  of  the  path  are  of  course  indeterminate  because  of  the 
inequality  of  the  aspect.  The  correcting  of  o',  8'  according  to  these 
suggestions  is  easily  done,  but  is  only  necessary  when  the  problem  is 
sufficiently  trustworthy  to  allow  it  to  be  applied  to  the  determination 
of  the  altitude  of  the  initial  visibility  and  of  the  real  length  of  the  path. 

C.    THE  LOCATION  OF  THE  ORBIT  RELATIVE  TO  THE  EARTH  ;  THE  LENGTH 
OF  THE  PATH  ;  THE  ALTITUDE  OF  THE  INITIAL  VISIBILITY 

If  for  the  terminal  point  (Le,  4>e),  finally  settled  upon,  the  values 
for  the  azimuth  and  altitude  of  the  radiant,  referred  to  the  horizon 
of  the  terminal  point,  are  calculated  from  the  equatorial  co-ordinates 
of  the  determined  radiant  {a,  d)  with  the  aid  of  the  meteor's  time  of 
fall  corresponding  to  this  meridian,  then  the  first  corresponds  also  to 
the  azimuth  of  the  linear  meteor  path,  and  the  latter  corresponds  to  its 
inclination  relative  to  the  horizon  of  the  terminal  point.  The  azimuth, 
which  specifies  the  projection  of  the  orbit  upon  the  surface  of  the 
earth,  can  be  taken  from  the  chart  or  computed  from  the  places  above 
wliose  zenith  the  meteor  passed,  and  the  inclination  in  connection  with 
the  altitude  of  the  terminal  point  gives  the  linear  altitude  which  the 
meteor  had  at  any  point  in  its  orbit  above  the  earth's  surface.  In 
general  we  can  neither  speak  of  the  true  length  of  the  meteor's  path 
in  the  atmosphere,  nor  of  the  altitude  of  the  beginning,  because  as 
lias  been  remarked,  observers  vcn,^  frequently  catch  different  phases 
of  motion.  Since  the  length  of  the  linear  path  in  connection  with 
the  estimated  duration  allows  us  to  deduce  approximately  the  geo- 
centric velocity,  therefore  the  real  orbital  length  must  be  obtained 
especially  for  those  observations  that  give  estimates  of  the  duration. 
11ie  altitude  of  the  first  visibility  can  then  always  be  assumed  to  be 
that  which  results  from  the  longest  well-observed  path. 

In  order  to  determine  these  quantities,  however,  all  data  are  given 
as  soon  as  the  above-mentioned  projection  of  the  true  orbit  on  the 
earth's  surface  and  the  inclination  are  well  established.  For  each  of 
the  places  of  observation  the  corrected  position  (a',  8')  of  the  first 
visible  point  in  the  orbit  will  now^  come  into  consideration.  The 
corresponding  azimuth  then  gives  us  the  initial  direction  in  the 
trajector)^  of  the  orbit,  whence  by  the  use  of  the  inclination  of  the 
orbit  to  the  horizon  wx  get  both  the  corresponding  length  of  the  orbit 
and  the  altitude  of  the  meteor  above  this  point. 

1).    THE  GEOCENTRIC  OR  RELATIVE  VELOCITY 

If  Lf  and  ti  are  associated  values  of  the  length  of  the  true  orbit 
as  computed   from  the  observations  and  of  the  thence  estimated 
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interval  of  time  in  seconds  required  for  the  passage  along  this  portion, 
then  we  have 

which  is  the  average  relative  velocity  of  the  meteor  as  deduced  from 
this  particular  observation,  but  affected  with  the  great  uncertainty 
that  the  estimate  of  duration  almost  unavoidably  brings  with  it.  An 
average  velocity,  because  we  must  assume  that  the  velocity  cannot 
remain  quite  constant  during  the  motion  through  the  atmospheric 
strata. 

If  many  associated  data  of  L  and  t  are  at  hand,  we  have  to  care- 
fully consider  whether,  say,  a  single  apparently  very  reliable  estimate 
of  t  may  be  retained  alone  in  connection  with  the  value  L  correspond- 
ing to  this  observation,  or  whether  an  average  value  should  be 
deduced,  but  of  course  always  only  in  reference  to  associated  data. 
We  do  not  recommend  combining  the  greatest  length  of  orbit  deduced 
from  the  earliest  apparent  visibility  with  the  average  of  all  the  esti- 
mates of  duration  as  is  sometimes  done,  because  generally  many  esti- 
mates occur  among  these  that  relate  only  to  very  short  bits  of  the 
path. 

In  general  it  is  best  to  determine  the  velocity  for  each  pair  (L,  t) 
by  themselves  and  then  to  take  the  average  with  or  without  giving 
attention  to  weight,  but  even  the  resuhs  of  careful  efforts  to  determine 
the  weight  are  very  often  doubtful  because  of  the  frequent  large 
overestimates  of  the  duration,  so  that  the  sources  of  error  are  almost 
invariably  on  one  side. 

If  there  is  no  estimate  of  duration  belonging  to  any  of  the  segments 
of  the  path,  then  perhaps  the  average  of  the  times  may  be  combined 
with  the  average  of  all  the  L's. 

Frequently  long  paths,  passing  chiefly  through  the  higher  layers  of 
the  atmosphere  and  also  having  their  ends  at  great  altitudes,  give 
larger  values  for  the  velocity  than  shorter  paths  recorded  in  the  lower 
strata.  The  answer  to  the  question  whether  such  results  also  repre- 
sent quantitatively  the  retarding  influence  of  the  resistance  of  the 
atmosphere,  or  whether  they  result  rather  in  an  overestimate  of  the 
duration,  which  overestimate  alters  the  result  for  short  paths  more 
than  for  long  paths,  needs  further  special  study.  The  fact  that  indi- 
vidual results  of  observations  certainly  refer  to  particular  well- 
ascertained  definite  limited  higher  or  lower  located  parts  of  the  orbit 
is  therefore  always  very  important  and  consequently  must  be  most 
thoroughly  investigated. 
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E.  ZENITHAL  ATtaACnON 

The  velocity  and  the  radiant  point  must  for  ftiriher  phnctaty  ooni- 
jgutation  be  corrected  for  the  influence  of  the  earth's  attraction  whidi 
first  increases  and  afterwards  diminishes  the  approach  to  tbt  zemCh. 

If  jsr  is  the  zenith  distance  of  the  estimated  apparent  radiant  at  tbe 
terminal  point  Le,  ^  and  t^  the  rdative  or  geocentric  velocity  cor- 
rected for  the  attraction  of  the  earth  and  /  the  zenidi  distance  cor- 
rected in  the  same  way,  then  will  * 

where  g  is  the  acceleration  due  to  gravity  and 

2gR=12S'lS, 


tan^  =  |:i*$tan-, 
2       »+t/         2  ' 


(18) 


where  all  quantities  are  expressed  in  kilometers. 

The  azimuth  of  the  radiant  suffers  no  change  on  account  of  zenithal 
attraction.  The  equatorial  co-ordinates  of  the  radiant  are,  however, 
to  be  newly  computed  with  the  help  of  this  azimuth  and  the  corrected 
zenith  distance.  When  these  are  used  in  the  following  text  for  the 
computation  of  the  planetary  orbit,  they  will  be  designated  by  a*  and  dT. 

2.  The  Orservations  of  Different  Meteors  Belonging  to  the 
Same  Stream  from  One  Single  Location  on  the  Earth 

When  many  apparent  paths  belonging  to  the  same  radiant  are  at 
hand  which  have  been  observed  at  only  one  place  and  within  an 
interval  that  is  not  too  long,  and  when  the  changes  in  the  co-ordinates 
of  the  radiant  during  this  interval  are  unimportant,'  or  have  been 
taken  into  consideration,  then  these  co-ordinates  can  also  again  be 
determined  according  to  the  fundamental  theorem  that  the  paths 
represent  the  most  probable  intersections  of  the  respective  great 

*  Schiaparelli,  page  251. 

*  The  zenith  attraction  causes  a  larger  or  smaller  appreciable  change  in  tbe 
location  of  the  radiant  together  with  the  change  in  the  zenith  distance.  This 
may  be  quite  notable  in  the  case  of  meteors  that  strilce  the  earth  with  snail 
velocity.  Therefore  we  should  combine  into  one  determination  ooljr  sodi 
observations  as  those  that  are  not  too  far  apart  with  respect  to  lenitii  (Ustanoe 
of  the  radiant.  In  general,  however,  the  dislocation  in  the  potitian  of  tiie  pttil 
increases  with  the  solar  longitude,  but  remains  for  several  days  together  witliin 
the  limits  that  have  been  indicated  by  the  error  of  observation.  The  colmiiHi- 
tion  of  observations  that  cover  a  period  of  several  weeks  can  in  general  oolj 
furnish  approximate  results.  [Note. — Such  results  are  of  absolntdy  no 
value.    C.  P.  Olivier.] 


NO.    l6      METEOR-ORBITS   IN   THE  SOLAR  SYSTEM — VON    NIESSL  1 5 

circles.  On  the  other  hand,  we  have,  however,  never  absolute  cer- 
tainty that  the  paths  taken  into  consideration  do  actually  belong  to  the 
same  radiant,  wherefore  the  application  of  the  rigorous  method  loses 
in  value. 

In  the  case  of  observations  made  at  one  place  the  geographic  loca- 
tion and  the  altitude  of  the  terminal  point  of  a  path  cannot  be  given. 
Hence  we  do  not  have  the  correction  to  the  terminal  position  a",  8" 
referred  to  in  the  appropriate  portion  of  the  previous  section,  which 
terminal  position,  therefore,  is  only  of  about  the  same  value  as  a',  8'. 
Hence  it  is  natural  to  distribute  the  corrections  uniformly  ind  to 
undertake  the  necessary  rotation  of  the  arc  about  the  center  of  the 

.    / 

orbit.    The  factor  for  the  equation  of  error  will  therefore  be  -7-  ,, 

sm/ 

where  1'  denotes  the  distance  of  the  center  of  the  orbit  from  the  pre- 
liminary radiant  point.  Otherwise  we  may  af  ply  the  same  method 
as  in  the  other  case  and  indeed  by  the  ordinary  preferable  graphic 
determination  in  which  the  observations  are  entered  on  squared  paper. 

R.  Lehmann-Filhes  *  develops  the  method  of  deducing  the  apparent 
radiant  for  star  shower  observations  made  at  one  place,  from  the 
apparent  paths  each  of  which  is  determined  by  some  point  a,  8  in  the 
path  and  its  position  angle  relative  to  the  declination  circle  through 
this  point.  If  the  observer  has  a  free  choice  of  this  point,  then  he  will 
frequently  fix  it  more  accurately  in  the  neighborhood  of  a  star  that 
is  well  known  to  him,  and  if  the  attention  is  not  too  much  taken  up  by 
the  exact  locating  of  the  beginning  and  ending  of  the  path,  then  the 
direction  of  the  path  and  thus  also  of  the  angular  position  is  probably 
more  accurately  known  than  by  locating  each  of  the  two  points  which, 
in  observations  made  at  one  place,  can  only  be  approximately  located, 
if  in  general  we  desire  to  consider  them  at  all. 

Equations  14  to  17,  in  which  occurs  the  position  angle  P  relative 
to  the  hour  circle  of  the  preliminary  radiant  Go,  do  and  therefore  not 
that  determined  for  any  other  arbitrary  point  a,  8,  can  very  easily  be 
applied  in  this  method  of  solution. 

Let  W  be  the  angle  of  position  determined  for  a,  8  where  these 
co-ordinates,  therefore,  must  be  indicated,  then  ajt  can  be  found  at 
once  from 

tan(a— ajk)  =tan  W  •  sin  8, 


sinF=  ^^^f  sinW, 
cos  80 

cosP=^^(^'>-'''^}-cosW.  , 

COS(a  — a*)  J 


(19) 


*R.  Lehmann-Filhes,  Astr.  Nachr.  96  (1880),  p.  241. 
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The  co-ordinates  of  the  qiparcnt  radiaiit  tf^,  d'  freed  from 
attraction,  ar.d  relative  to  the  rrfiprir,  will  be  designated  bf  ^»  f* 
These  and  the  relative  geocentric  velocity  if  are  foond  by  the  caondii- 
tusX\^jt.  oi  the  heliocentric  motion  of  the  meteor  with  the  idmily  w  in 
the  d:re?t:on  indicated  by  the  analogous  co-ordinates  A,  fi 
-.virh  the  magTiitude  and  direction  of  the  hdioceiiliic  motion  of 
eanh  at  the  node  of  the  meteor's  orbit.  X,  fi  dctcimiue  the 
radiant  point  and  r  is  the  keKoceniric  velocity  at  dus  point.  The 
'jnimportant  inf.uence  of  the  earth's  rotation  on  its  axis  can  here  he 
left  out  of  the  consideration. 

.\z  the  uni:  for  the  measurement  of  r  and  t^  when  no  other  kind  it 
r.oted,  we  use  the  velodtv  of  the  earth  at  its  mean  d*«^»*^  from  tlie 
vjr..  The  quantities  expressed  in  Idlometers  will  be  reduced  to  tUt 
jr.it  V.  :th  sufr.cient  accuracy  by  dividing  by  29.59. 

For  the  radius  vector,  or  the  distance  of  the  earth  from  the  son. 
the  average  distance  or  the  semi-major  axis  of  tfie  earth's 
that  position  of  the  earth's  orbit  at  iriiich  the  hmgihidp 
^.he  v^r.  is  S  the  corresponding  distance  of  the  earth 

a       •  •  • 

r=i-f /cos(0— »). 


•  *  I 


In  this  expression  we  may  for  a  long  time  adopt  wiA 
accuracy  ^=0.01676  and  if  T  denotes  a  year,  we  have 

7r=IOI*    I2A'+IX)3'(r-I90O). 

The  radius  vector  r  is  given  for  every  day  in  every 
ephemeris. 

If  S '  indicates  the  longitude  of  the  direction  of  the  normal  at  that 
point  of  the  earth's  orbit  for  which  the  longitude  of  the  sm  is  Ot  thai 

we  have 

^'=®+   -~7/Sin(©-»)  =  0+57;6-sin(©-»). 
arc  I 


(20) 
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and  therefore  the  longitude  of  the  radiant  point  in  the  ecliptic  or  the 
apex  of  the  earth's  annual  motion  is  O'— 90**. 

Finally  the  heliocentric  velocity  of  the  earth  at  the  distance  r  from 

the  sun  is  given  by  the  expression  a/--   —  i. 
The  quantities  X!,  p',  1/,  X,  p,  v  are  connected  by  the  three  equations 

vcos)Ssin(0'-A)=z;'cosi3'sin(0'-X')-^^  ~i, 
z;cos^cos(0'  — A)=z/cos)8'cos.(0'  — A'), 

vsmp=z/  sm  p\ 

from  which  A,  p  and  v  can  be  found. 

If  we  desire  only  the  magnitude  of  the  heliocentric  velocity,  we 
obtain  that  from  the  equation 

v»=z/^+(^  -i)-2r'J^  -i-coSiS'.sinCO'-AO,       (21) 

and  we  obtain  the  semi-major  axis  of  the  respective  meteor  orbits 

from  equation 

a=       ^    o  .  (22) 

2  —  rv^ 

This  orbit,  therefore,  either  an  ellipse  or  hyperbola  according  as  a  is 

•  <r  2 

either  positive  or  negative,  or  according  as  ^'"  ^    .  • 

The  parabola  corresponds  to  a=  00 ,  and  hence  we  obtain  the  special 
limiting  case  tr=      . 

Sometimes  from  the  periodical  return  of  an  especially  rich  shower 
of  meteors  (such  as  the  Leonids),  one  deduces  a  well-known  radiant 
A',  P',  and  the  time  of  revolution  [/  of  a  dense  swarm  of  meteors  and 
these  can  therefore  be  considered  as  given  or  known.  In  such  a  case 
in  order  to  compute  the  remaining  elements  of  the  orbit,  we  have 

a=Ul  (23) 

and  thence  also  v.  Then  the  three  equations  (20)  give  us  zf^,  A  and  p, 
from  which  the  elements  of  the  orbits  of  the  stream  can  be  deduced 
according  to  the  following  method : 

Let  i  be  the  inclination  of  the  heliocentric  orbit  of  the  meteor  to 
the  ecliptic ;  t  be  the  angle  of  the  tangent  on  this  orbit  to  the  radius 
vector  r  of  the  earth's  orbit  at  its  node  with  the  meteor  orbit :  let  p 
be  the  semi-parameter  of  the  meteor  orbit ;  let  e  be  the  excentricity 
of  the  meteor  orbit ;  let  q  be  the  perihelion  distance  of  the  meteor's 


:8 
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orbit :  let  :;.•  be  the  true  anomaly  for  the  radius  vector  r,  wc  then 
obtain  these  c'«.iant:tie5  from  the  following  equations: 

s:r.  J  sir.  r=:sin  ^,  ' 

:  -  •  5:::  r  =  —  cos  8  •  sin  •'  c  —  A\  -  ( 24) 

cos  r= —cos  5  •  cos-  ^^  —  A\ 


r  =  rsr  sin*  r. 


^  -  •  «  •* 


.     I—    •'    ,       .'=       '       =Z     \—€), 

I  —   ■ 

r 


^.e  'ietennination  c:  the  remaining  elements,  we 
::7utG.::ons  of  orbits  and  planets  since  all  necessary- 

"^m  ....  ,  _ 

iirecticns.    I:  we  ccun:  r  from  the  rrolongation 

'  ::-.vari  the  coin:  iSc*  —  Z  toward  the  sun.  but 

r  se::::i  :u:::r:Lr.:.  tr.en  s:n  :  always  nas  the  sisrn 

r:her::  ra  iian:.  there: : re.  the  cc rresrcndin^  node 

-. ^  ...  -"T.  -.c..-^    < - c  ..^ic    :    —  c  .      v^  cucr  IIIIS 

:■  '}.:^  :.  :he  *^rst  ;r  s::  :::  :u:.ira::t     r:r  radiants 
•:\:::s  '^  i;  ^:y:     ~  r=:N.--  ;^    :ir:  the  motion  is 

.....  .•    ._.......  ...     ...s.     ....T'^    .»«....     ^.  ^^^•_  fcCLwlVjlL 

.'.[:  \    vj-is  ri^ht   :r  left  n::t::n.  viz.:  positive 

r  r^:r  ^ri  ir      ^'-  :i  f:r  a  ::ns:derable  number 

:s     ..!s:  s:-:a""v  :    ::t:''.it:nc  meteors  and  even 

;:  . .: •- >''Lr   .i>  ^ee..  e^-.-.i*  *!?necL 

•  ■••-•■  ■•  ««  ••  • 

..      ......     .........      ..       ...      ...^.-..  ..■       ^.V^^^  Va>.  .^    ^"o      .^..SLfc     ^ 

^.  «....<..       ......  .     .        .     .        ...      ...«,      ..>...'_\_  ^^^  b  •  .^     V  •  W .  k 

C'.T"..t-: :  :".  t.tr  s:. -.r  s;  stem,  t.teretore  it  must  be 
-oiies  h.ive  entere:  the  s-r'.ar  system  fnxH  the 

:e  in  space  near.y  para..e.  orrits  at  creat  distances 
:"h   iientiral   vel:cities    rel:n^  therefore  to   a 

......   ..«.....*.    .V.       >.  .V  ......      ......      ^  ^.  .>       ....V.    .V^.      »..^      ^^L 1   ^..     ^ 

■        ••■  ■  •••«  ■ 

....     ...'•...1 >.^     .......     CX^..."....i^     k.t      i^.-iv..!    VaCl"C.4Vl^ 
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Upon  the  original  cosmic  velocity,  all  other  orbital  elements  of  the 
same  type  and  consequently  also  the  co-ordinates  of  the  apparent 
radiant  can  have  quite  different  values. 

Under  such  circumstances  a  comparison  of  different  cases  gives  us 
not  the  complex  of  those  elements  that  are  characteristic  of  the  orbits 
of  planets  and  comets,  but,  according  to  what  has  already  been  said, 
they  give  exclusively  the  magnitude  and  direction  of  the  motion  for 
such  large  values  of  the  radius  vector  p  that  relative  to  these  even  r 
may  be  considered  as  almost  negligibly  small.  Since  such  a  portion 
of  the  orbit  is  almost  the  same  as  the  asymptote,  we  can  take  p=  oo 
for  this  distance. 

The  direction,  towards  which  this  asymptote  points  on  the  celestial 
sphere,  whose  longitude  and  latitude  will  be  designated  by  /  and  b, 
can  be  called  the  sidereal  or  cosmic  point  of  departure  of  the  meteor. 
The  determination  of  this  point  for  different  assumptions  of  a  (i.  e., 
for  corresponding  v's)  for  a  given  radiant  point  A',  jS'  is  really  our 
most  important  object  in  reference  to  hyperbolic  meteors. 

If  tf/  is  the  true  anomaly  of  the  meteor  orbit  for  the  radius  vector 
p=oo  and  <r  the  angle,  which  the  direction  of  the  asymptote  drawn 
from  the  point  {I,  b)  makes  with  the  radius  vector  r  at  the  node  of 
the  orbit  on  the  earth's  orbit  in  complete  analogy  as  to  t  in  regard  to 
nimieration  and  definition,  then  we  obtain 

•£  coszc''=— -   ,     iT  =  w'  —  w,  (26) 


^ 


rz/*— 2 


m,  (27) 


.       (T  m  sm  T  /  o\ 

tan-   =  -  ,  (28) 

2        i-{-mcosT  ^     ^ 


which  is  more  convenient  for  the  inverse  determinations,  also 


/^  \        2+ (rzr*  — 2)cOSor  f       X 

(2r-cr)=     -  .    ^  ,  (29) 


COS^-.       ^,—  „ 

nr 
while  /  and  b  are  then  determined  from 

sin(0— /)cos&=  — sincrcos  t, 

COS(0— /)C0Sfc=  —cos  or, 

sin  b  =  sin  cr  sin  i. 


(30) 


The  velocity  of  entrance  into  the  solar  system  (p=  00  )  is  given  by 


i1 

> 
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For  parabolic  orbits  we  ihouU  hsTe  n^— 3=0,  tlus  asao,  acoof^ 

ingly 

p=2rs\v?T,    e=i,    w=i8o*— 2t,    g=A=rr8in"T,    ti^=i8o*, 

(r=2r,  1/0  =  0,      »=l8o*+0±W.  (32) 

It  can  sometimes  be  of  great  interest  to  solve  the  problem  in  tlie 
inverse  order,  that  is  to  say,  to  determine  the  apparent  radiant  X',  If 
for  a  given  day  of  the  year  when  the  sun's  k»igitude  is  O  and  when, 
therefore,  we  assume  as  given : 

(a)  The  necessary  elements  of  the  elliptic  meteor  orbit,  or 

(b)  The  parabolic  aphelion  through  /  and  b,  or  finally 

(c)  The  h3rperbolic  cosmic  starting  point,  which  may  also  be 

determined  by  /  and  b  with  Vo  or  v. 

Then  according  to  the  previous  formulae  a  is  given  for  the  elliptic 
orbit  by  the  time  of  rotation,  when  it  is  not  otherwise  known  directly 
by  the  system  of  elements,  for  the  hyperbolic  orbit  a  is  given  either 
by  the  equations  (31)  or  (22). 

Further 

^=y[y^'l  ■  (33) 

Since  e^  and  i  are  given  among  the  elliptic  elements,  we  can,  there- 
fore, also  compute 

p=a(i-e').    sinr=y/:;  (34) 

and  then  we  can  also  compute  from  the  equations  (24)  the  position 
(A,  y3)  of  the  true  radiant  and  from  equation  (20)  X',  jS',  «/  for  the 
apparent  radiant.  The  zenith  attraction  can  only  be  applied  for  a 
definite  latitude  and  ^iderial  time. 

In  hyperbolic  orbits  a  is  negative  in  the  equation  for  v,  but  in 
parabolic  orbits  it  is  assumed  to  be  infinite. 

The  system  of  equations  (30)  gives  i  and  a  when  we  know  0, 
I,  and  b.  Furthermore  we  obtain  t  from  equation  (29),  X  and  P  from 
equations  (24)  and  finally,  also,  X',  fi',  t/. 

Equation  (29)  gives  an  associated  pair  of  radiants  for  each  initial 
direction  (l,b).  Inversely,  therefore,  it  always  gives  for  each  0  two 
associated  values  of  (/,  b)  and  with  one  position  of  {I,  b)  it  gives  tlie 
associated  apparent  radiants  for  two  far  distant  points  on  the  apparent 
celestial  sphere.  We  usually  find  these  two  when  we  reflect  that 
cos(2r— 0-),  even  for  a  specified  sign,  always  gives  two  values  for 
2t'-'<t,  therefore  for  a  given  value  of  <r  there  are  two  values  of  r 
corresponding  to  the  two  possible  hyperbolas  in  each  plane  with  a 
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common  focus  which  possess  parallel  asymptotes  on  one  side.  In  th 
case  one  orbit  is  direct,  the  other  is  retrograde,  and  their  perihelia  1 
on  opposite  sides  of  the  radius  vector. 

Since  one  of  the  two  perihelion  distances  is  ordinarily  very  sma 
the  attendant  radiant  is  generally  in  that  portion  of  the  sky  coven 
with  sunshine.  For  the  parabolic  orbits  the  true  positions  of  the  tv 
associated  radiants  lie  diametrically  opposite  one  another. 

The  expressions  above  given  for  the  determination  of  the  orbit 
the  present  condition  of  the  art  of  observing  meteors  go  far  beyor 
the  needs  of  the  accurate  computations.    They  can  therefore  only  1 
appropriately  applied  when  we  are  concerned  with  the  further  d 
velopment  of  definite  theoretical  views.    In  the  working  up  of  obse 
vations  we  attain  our  object  sooner  and  without  appreciable  loss 
accuracy  when  we  assume  in  general  that  for  the  earth's  orbit  \ 
have  ^=o,  r=i,  0'=0,  and  also  that  the  velocity  of  the  earth 
always  equal  to  unity,  in  short,  we  take  the  orbit  of  the  earth  ; 
circular. 

It  is  easy  to  simplify  all  the  previous  expressions  by  means  of  the 
substitutions,  only  we  must  say  that  it  is  not  important  to  seek  for  tl 
true  radiant  when  we  can  attain  the  ordinary  elements  in  the  shorte 
way.    We  find,  in  fact, 

t/»=z/2+ I -2z/' cos  ^  sin(  O -X')» 
COS  T= cos  3'  cos  ( O  — X')  I 


(31 


sin»=— tanks'- cot  T- sec(0 —X').    "1 

V  sin  r  J 


and  the  calculations  may  be  carried  further  by  making  the  indicate 
substitutions  in  the  known  formulae.  For  the  determination  of  tl 
sidereal  starting  point  /,  h,  we  have 


o-  m  sin  T  ,  V 

tan   ^  =    -,  _  .     where    -.  ,        =;«, 

2  I+mCOST  \/^_2 

^^o/o        ^  —  2-h  (z/^--2)cos  o- 

C0S(2T-(r)=  '      ^^ 


(3; 


whereupon  /  and  h  are  found  from  (30).    The  velocity  for  p=  00 

VorrVV  — 2. 

The  simplification  of  the  inverse  problem  to  find  /  and  h  for  tl 
radiants  from  A',  ff  does  not  here  need  any  further  explanatio 
Computational  results  from  the  elements  of  the  orbit  from  the  veloci 
determined  by  the  observations  are  almost  useless  because  the  bas 
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for  this  work  is  too  uncertain.  The  most  careftil  dedoction  of  the 
velocity  is  certainly  very  important  in  order  to  at  least  make  known 
the  degree  of  probability  that  the  corresponding  planetary  orbit 
departs  to  one  =:de  or  the  other  from  the  parabola.  The  computation 
of  the  elements,  if  .ve  really  wish  to  attempt  it,  should  be  carried  out 
.Mth  various  assumed  and  appropriate  values  of  the  velocities, 
v/here'jv  the  general  result  can  be  better  arranged  for  comparison 
•.vith  other  cases. 

Iir.  RESULTS   OF  OBSERVATIONS  AND  COMPUTATIONS 

RELATI\X  TO  METEORS 

r.  A'. -R  \02:  .\c:vRACY  of  Observation's  and  Computations 

.\.    AT  Till  r.N'D  OF  THE  ORBIT  OR  POINT  OF  ARREST 

The  ;iv»:r;ice  err  r  of  a  given  direction  (of  an  azimuth)  as  the 

result  of  7  =  1  ooser/ations  is  found  to  be  zt^-S  desrrees. 

These  determinations  were  made  in  12  per  cent  of  the  cases  by 

:rr:u'r.;i:.':ou-  r-::cT':r.ce  to  stars,  and  in  about  20  per  cent  of  the  cases 

';:.  *:h':  •,  1-:-.  '.:  -'ih-'r^'uent  measurements,  in  the  remaining  cases  by 

r'-rererice  to  terr-.-^^rial  objects  in  the  neighborhood  by  means  of  plans 

The  average  error  oi  any  indication  or  description  of  the  apparent 
I'/i'-y!':  or  zrr.ith  ^listance  may  be  taken  as  —4.1  degrees  from  235 

'::A-ra!  rtilc  in  these  cases  we  have  considered  only  direct 
:>  -^'lrs  or  subsequent  measurements.  Crude  estimates, 
.':  ~,  :-  wrM  !:::  v,  :\.  :::ve  almost  always  apparent  altitudes  that  are  far 
*oo  'ir.r::/:.  When  such  cases  have  been  used  in  exceptional  cases,  we 
!.;iv(^-  i::  i^^neral  rcdticed  them  to  ^5  or  J  of  the  given  estimates. 

'1  he  azimuths  were  not  examined  so  closely  since  in  such  cases 
'rrfjr-  in  ^:i^•  rlircctir-n  are  less  to  be  feared,  which  is  also  easily  to  be 
-ff-n  ])}■  n;!~on  of  the  larger  average  error  of  a  single  observation. 

The  avcra:(e  error  in  the  determination  of  the  geographic  position 
()r  the  terminal  point  as  deduced  from  42  cases  amounts  to  ^18.3 
kilometers.  The  very  best  determinations  are  uncertain  by  3^  or  4 
kilometers.  The  average  error  of  the  computed  Hnear  altitudes 
amounted  to  1^3.4  kilometers. 

li.    AT  THE   INITIAL   POINT  OF  THE  OBSERVED   PATH 

The  nature  of  the  observations  brings  it  about  that  a  meteor  can  be 
first  observed  by  many  observers  at  very  different  points  of  its  path. 
These  arc  differences  that  do  not  possess  any  of  the  characteristics 


\ '  a  '^' 


f  - 
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of  errors  of  observation.  These  characteristics  belong  only  to  th 
transverse  departures  from  the  corrected  apparent  path. 

These  departures  deduced  from  217  cases  for  the  initial  poir 
average  ±4.2.  They  are  deduced  for  the  initial  point  in  a  simila 
way  as  for  the  terminal  point,  but  by  excluding  rough  data  mor 
frequently  than  in  the  latter  case. 

The  apparent  relations  to  the  stars  when  they  are  determined  in: 
mediately  after  the  observations  resulted  in  giving  the  average  errc 
of  such  a  relation  as  ±3.5  degrees  for  the  initial  or  the  terminal  poir 
respectively. 

C.  ESTIMATES  OF  THE  APPARENT  INCLINATIONS  OF  THE  OBSERVED  PAT] 

These  estimates  show  from  an  average  of  250  cases  a  mean  errc 
of  ±6.5  degrees.  Such  estimates  generally  refer  to  the  verticj 
through  the  observed  terminal  point,  or  some  other  specific  point  i 
the  path  and  were  generally  obtained  by  graphic  sketches.  Radiant 
that  do  not  lie  far  above  the  horizon  were  generally  affected  by  onl 
a  small  part  of  this  uncertainty. 

D.  THE  ACCURACY  ATTAINED  IN  THE  DETERMINATION  OF  THE  RADIANT 

Of  large  and  generally  detonating  meteorites,  43  reliable  determins 
tions  for  537  apparent  paths,  therefore  on  the  average  12  or  13  obsei 
vations  for  each  case,  gave  the  average  error  in  the  location  of  thes 
points  on  the  sky  at  ±3.3  degrees. 

The  number  of  the  orbital  paths  in  the  individual  cases  was  ver 
uneven,  exceeding  40  in  many  cases,  but  was  often  only  three  or  foui 

At  the  present  time  more  than  420  radiants  of  detonating  meteoi 
have  been  found,  of  which,  however,  about  30  per  cent  are  identic* 
with  others.  Much  larger  is  the  number  of  the  radiants  of  shooting 
stars  listed  in  the  last  catalog.  Denning  *  compiled  from  the  apprc 
priate  literature  as  well  as  from  his  own  observations  4,367 '  sue 
radiant  points  of  which,  however,  probably  more  than  half  coincid 
with  others. 

When  he  remarks  *  that  on  the  average,  during  every  night,  mor 
than  50  radiants  are  in  action,  this  is  quite  correct,  but  on  account  c 
the  lesser  frequency  of  individual  meteors,  many  of  these  radiant 
cannot  be  demonstrated  every  night  at  the  same  place  and  during  th 
same  year. 


*W.  F.  Denning,  General  Catalogue  (1899). 

*  Large  numbers  of  these  radiants  have  no  proved  existence  and  arc  prol 
ably  fictitious.    C.  P.  Olivier. 

•  W.  F.  Denning,  ibid.,  p.  203. 
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The  rich  streams  of  thootiiv-ituB  aiiofd  so 
material  that  their  radiant  pointi  cm  fcnenljr  be 

accurately  than  those  of  die  fire  balb^  as  the  fdlbinqg  cnnpkt  mqr 
show  in  which  the  average  errors  are  diown: 

LocAnmr  or  AmunHT  RAsiAjm 

Right  AMeaiteB  Dtrlhiiti—  Iffiili— 

Leonids  I5ai^(±03*)  +S30*(:fcas*)  NnirsJitr  14 

Persdds    4M>*    •••-  +SlW    Asgnit       11 

Lyrids   27i^*(±a7*)  +334*  (±  04*)  Afril          » 

Andromedids    93J*(±a9*)  +4M>*  (±0.^)  Ndfoubcr  s&d^ 

Qnadrantids   9309*  (±a7*)  +  51-3*  (±04*)  Janouy        2 

Geminids    ioa3*  (±a5*)  +33^*  (±04*)  Deoeoiber  lo-ia 

Orionids  89L7*(dfca5*)  +iSj6*(±a3*)  October      10-16 

Orionids  9i.5*(±o^*)  +iS7"(:to^*)  October      i6-« 

Denning  believes*  that  the  activity  of  the  Perseids  should  be 
assumed  to  extend  from  July  11  to  August  19  by  reason  of  which 
the  radiant  point  should  experience  a  change  from 

a=ii,s\  »=47.7''  to  a=56.6%  »=59i^ 

All  these  streams  consist  of  more  or  less  densely  collected  particles 
along  the  whole  extent  of  their  paths  as  far  as  yet  known^  but  only 
the  Leonids  consist  of  a  specially  rich  swarm  returning  to  the  peri- 
helion in  a  well-established  period  of  33!  years. 

2.  The  Results  as  to  the  Altitude  of  the  Luminostty  and  op 
THE  Terminal  Points  and  their  Relations  to 

Other  of  the  Factors 

In  this  respect  we  must  distinguish  between  the  small  phenomena 
which  we  know  as  shooting-stars  and  the  large  meteors  known  as  fixe 
balls  which  frequently  exhibit  during  their  path  through  the  atmos- 
phere a  remarkable  development  of  light  and  often  produce  great 
noise  and  sometimes  well-established  falls  of  meteorites. 

With  regard  to  the  shooting-stars  of  the  so-called  Perseids  m . 
August,  Weiss,*  in  \'ienna,  from  the  discussion  of  49  reliable  corre- 
sponding observations,  found  on  the  average  for  the  first  luminosity 
lis  ^^'>  for  the  extinction  88  km. 

Independent  of  this  H.  A.  Newton*  also  found  for  the  Perseids 
from  38  observations  the  following  altitudes,  viz. :  luminosity  112  km. 
and  extinction  90  km.  in  excellent  agreement  with  the  preceding. 

*  W.  F.  Denning,  Astr.  Nachr.  148  (1899),  p.  283. 

•  E.  Weiss,  Wicn.  Bcr.,  1868. 

'  H.  A.  Newton,  American  Journal  of  Science  and  Arts,  2  Series,  4a  * 
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For  the  star  shower  of  the  Leonids  in  November,  Newton  *  com- 
puted from  78  determinations  the  average  altitudes  of  luminosit) 
155  km.  and  extinction  98  km.  According  to  this  the  whole  path  oi 
light  for  the  November  Leonids  was  higher  than  for  the  Augusi 
Perseids  which  is  evidently  in  connection  with  the  fact  that  the 
Leonids  entered  into  the  atmosphere  with  a  relative  velocity  of  aboui 
70  km.  and  the  Perseids  with  only  60  km.  Moreover  the  masses  oi 
the  November  stream  seem  also  to  have  special  chemical  characters. 

The  determination  of  159  altitudes  of  shooting-stars  from  th< 
fifth  to  the  first  magnitude,  and  of  the  most  varied  radiants*  there- 
fore also  including  some  very  slight  velocities,  gives  in  general  for  the 
luminosity  108.5  ^^"^-  ^^^  ^^^  ^^^  extinction  86.3  km.  which  is  there- 
fore only  a  slight  variation  from  the  values  found  for  the  Augusi 
Perseids. 

For  the  large  meteors,  including  those  with  detonations  and  those 
with  falling  meteorites,  and  from  determinations  that  are  e'speciall) 
reliable,  but  without  selection  of  the  greatest  phenomena,  I  found  foi 
the  luminosity  from  121  cases  an  altitude  of  138.6  km. 

For  the  extinction  from  213  cases  an  altitude  of  49.7  km. 

This  collection  of  data  shows  the  influence  of  the  larger  masses 
especially  because  of  the  comparatively  slight  altitude  of  the  stopping 
point  and  therefore  because  of  the  deeper  penetration  into  the  atmos- 
phere. This  is  shown  still  more  plainly  by  a  further  classification 
For  the  altitude  of  the  stopping  point  I  found*  on  the  average 
60  km.  for  147  fire  balls  without  detonations;  31  km.  for  57  meteors 
with  detonations;  22  km.  for  16  falls  of  meteorites,  thus  it  ma> 
well  be  proper  to  explain  these  different  types  of  shooting-stars  as 
due  to  a  gradual  increase  in  mass,  since  larger  masses  experience  a 
relatively  smaller  resistance  in  the  atmosphere  and  thus  can  penetrate 
deeper  than  the  smaller  masses. 

Still  more  important  are  the  relations  of  the  altitude  of  the  terminal 
point  to  the  value  of  the  geocentric  velocities  that  we  obtain  from 
the  observations.    In  order  to  avoid  as  far  as  possible  any  one-sided 


*  H.  A.  Newton,  ibid. 

'The  Leonids  among  all  meteors  provide  the  longest  enduring  luminous 
tails  in  the  atmosphere. 

•  Memoirs  of  the  British  Astronomical  Association,  Vols.  9,   12.     Part  1 

(1900-1903). 

*G.  V.  Niessi,  **Uber  die  Periheldistanzen  und  andere  Bahnelcmente  jenei 
Meteoriten,  deren  Fallerscheinungen  mit  einiger  Sicherheit  beobachtet  werder 
konnten,"  Brunn  (1891). 
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views  I  have  investigated  very  various  material  and  I  sabmit  the 
most  important  results  in  the  f  oUowing  tabka  X,  a^  3, 4,  widi  the  pee- 
liminary  remark  that  the  groups,  under  tables  i  and  a,  xdate  princi- 
pally to  small  phenomena  (star  showers),  but  those  under  tables  3 
and  4  relate  principally  to  fire  balls. 


Takjb  I  (Nora  i). 


Ltmiting  altitudes 

No.  of  CUM 

Average  obserred 
geocentric  velocity 

miiial  iftltad 

Above  100  km. 

as 

07-7  'OSL 

wo6jS  koL 

80-100    " 

48 

SI.5    *• 

«B  " 

60-  80    " 

53 

35-5    - 

730  " 

30-  60    " 

17 

3ai    " 

4t2   - 

below     30    " 

3 

23.2   •• 

aas  " 

Table 

2  (Note  2). 

« 

Above  100  km. 

10 

72.3  km. 

II3.3  km. 

80-100    " 

II 

43^    " 

8&3   " 

60-80    " 

13 

4a5    " 

7*a   " 

50-  60    " 

6 

35A    " 

S9^   " 

below     50    " 

14 

274    " 

3»  " 

Tablf. 

3  (Note  3). 

Above    60  km. 

12  (  I 

deton.)  51.8  km. 

864  km. 

50  60    " 

19  (  3 

deton.)  5S.O    " 

54a   " 

30-50    " 

43  (16  detoiL)  40.6    " 

below    30    •' 

28  (13  detcHi.)  37.6    " 

24J0     " 

^  The  cases  under  i  are  taken  from  the  above  mentioned  "  Memoirs  of  tlie 
Br.  Assoc.'*  (Foot-note  3,  p.  25).  78%  of  them  are  shooting-stars,  11%  meteors 
from  one  to  four  times  the  magnitude  of  Venus,  11%  fire  balls  up  to  ^e 
magnitude  of  the  moon  without  records  of  detonations. 

*2  refers  to  the  older  work  published  by  Denning  (W.  F.  Denning;  **I07 
Real  paths  of  Fireballs  and  Shooting-stars  observed  in  England  from  1886 
to  1896."  Lond.  Astr.  Soc.  Monthly  Not.  57,  p.  161)  wherein  74%  are 
shooting-stars,  as  above,  6%  meteors  of  the  magnitude  of  Venus  or  somewliat 
more,  20%  fire  balls  including  one  which  detonated. 

'3  is  taken  from  a  list  of  mostly  very  large  meteors  whidi  I  pubUshed  in 
the  same  number  of  the  Monthly  Notices,  p.  170.  Of  the  xdo  cues  ghrca  dicre 
the  velocity  could  not  always  be  determined;  with  later  additions  fh^  gsve^ 
however,  102  coherent  determinations  of  the  terminal  ahitade  and  Telocily. 
This  material  contains  only  8%  of  shooting-stars  of  from  the  first  to  die  foortli 
magnitude,  27%  meteors  from  one  to  several  times  the  magnitode  of  VcnoSi 
while  65%  are  large  fire  balls  comparable  in  magnitude  widi  the  moon  or  soUp 
of  these  30%  detonated  and  seven  were  accompanied  by  a  fall  of  a  meteorite. 
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Table  4  (Note  i). 


Apparent  elongation 
of  the  radiants 

No. 

of  ca»ci 

Average  altitude  of 
the  terminal  point 

Above  100  km. 

9 

76.8  km. 

116.8  km 

80-100    " 

9 

72.0    " 

89.3    " 

60-80    " 

16 

49.4    " 

72.5    " 

50-60    " 

21 

49.1    " 

S8.9    " 

30-50    " 

35 

42.7    " 

39.0    " 

below     30   " 

21 

36.5    " 

22.1    " 

All  four  of  these  collocations  show  a  perfectly  definite  regula 
connection  between  the  geocentric  velocity  deduced  from  observa 
tions  and  the  altitude  of  the  stopping  point  since  they  diminisi 
together. 

It  is  natural  to  conclude  that  a  meteor  can  penetrate  into  th 
atmosphere  deeper  in  proportion  as  it  moves  with  a  low  velocity.  Tha 
this  conclusion  is  correct  is  also  enforced  by  the  following  facts: 

1.  The  more  rapid  Leonids  are  extinguished  at  greater  altitude 
than  the  slow-moving  Perseids  as  mentioned  above. 

2.  Under  the  assumption  of  equal  heliocentric  velocity,  the  meteor 
that  meet  the  earth  in  its  direct  course  (from  the  apex)  enter  th- 
atmosphere  with  a  relative  velocity  that  is  about  56  km.  greater  thai 
that  of  the  meteors  that  enter  the  earth  from  the  opposite  side  (o 
the  anti-apex).  If  we  arrange  the  meteors  according  to  the  distano 
of  the  radiant  from  the  apex  of  the  earth,  we  find  the  following 
results : 

I.  From  the  material  in  foot-note  2,  page  26. 


Between 

0  and 

40 

12 

95.6  km. 

<f 

40    " 

70 

12 

84.S    " 

(( 

70    " 

90 

12 

61.6    " 

n 

90    " 

no 

10 

59.8    " 

n 

no    •' 

180 

10 

52.1    " 

2.  From  the  material  in  foot-note  3, 

page 

26. 

Between 

0  and 

80 

13 

54.2  km. 

80    " 

90 

9 

50.5    " 

•                                              <l 

90    " 

100 

10 

44.5    " 

n 

100    " 

no 

n 

40.2    " 

it 

no    " 

120 

7 

38.6    " 

« 

120    " 

150 

13 

38.6    " 

« 

150    " 

180 

7 

364    " 

'4  arises  from  an  analysis  of  in  cases  which  I  have  worked  up  fron 
material  in  older  literature.  Since  the  notation  of  magnitude  was  formerl; 
less  determinate,  I  can  only  say  that  these  data  likewise  refer  chiefly  to  larg< 
meteors  (22%  detonating). 
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Apart  from  the  details  that  are  unimportant  in  the  establishment 
of  this  point,  both  these  series  show  the  expected  connection  between 
the  elongation  and  the  terminal  altitude.  In  the  first  list  the  fact  that 
the  latter  terminal  altitudes  are  in  general  greater  than  in  the  second 
list  is  certainly  because  the  meteors  in  the  former  list  are  principally 
the  smaller  kind  that  bum  up  at  great  altitudes,  whereas  mine  or  the 
second  list  relates  mostly  to  the  large  meteors.  In  this  respect,  there- 
fore, the  latter  is  to  a  certain  extent  a  supplementary  continuation  of 
the  first.  In  part,  also,  the  smaller  observed  velocity  of  the  deep- 
penetrating  meteors  must  be  the  result  of  the  diminution  of  the 
velocity  during  the  path  through  the  atmosphere.  The  final  stoppage 
of  the  meteor  is  almost  instantaneous,  still  there  are  certain  phe- 
nomena that  result  from  observations  that  relate  only  to  the  lowest 
portion  of  the  path  in  the  deeper  layers  of  the  atmosphere  that  show 
slighter  velocities  than  the  average  velocity  that  results  from  a  con- 
sideration of  the  whole  path  of  the  meteor  in  the  same  case.*  But  of 
course  the  error  in  the  estimation  of  short  intervals  of  time  renders 
difficult  any  decision  on  this  point. 

COMPARISON  WITH  THE  THEORY  OF  THE  RESISTANCE  OF  THE 

ATMOSPHERE 

In  order  to  compute  the  resistance  of  the  air  experienced  by  the 
meteor  in  its  individual  phases,  one  has  attempted  to  utilize  the  expe- 
riences which  have  been  deduced  from  experiments  with  the  spherical 
])alls  of  artillcr}'.  The  following  collection  and  summary  is  based 
upon  the  formula  for  resistance  given  by  Robert*  It  assumes  a 
vertical  movement  of  a  spherical  body  weighing  ii8  grams  haying  a 
densitv  of  ^.^  and  a  radius  of  2  cm.  The  two  assumed  velocities 
with  which  the  l^all  enters  the  atmosphere  relate  to  the  extreme  values 
of  a  parabolic  or])it,  viz.:  at  the  apex  and  the  anti-apex.  If  for  the 
same  density  we  have  another  radius  of  the  sphere,  viz. :  2r  cm.,  and 
if  the  inclination  of  the  path  toward  the  horizon  be  h,  then  in  th^ 
column  for  the  velocity  the  values  will  remain  unchanged  if  the 
corres[)on(lini:;  atmospheric  pressure  be  multiplied  by  r  sin  h. 

^Cf.  G.  V.  Xicssl,  Weill.  Ber.,  114  (1905),  p.  1511. 

"  Scliiaparelli,  pp.  23  and  24  after  S.  Robert,  "  Del  moto  dei  projettili  nei 
niezzi  resistenti."     1  orino.  1855.     (Memorie  dell*  Academia  delle  scienze  di 

Torino,  II,  9,  16. ) 
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I 

II 

The  entrance  velocity  73  km. 

1 

The  entrance  velocity  16  km. 

Pressure 

Altitude 

Velocity 

Pressure 

Altitude 

Velocity 

mm. 

km. 

km. 

mm. 

km. 

km. 

•  •  •  • 

•  • 

72 

.... 

•  • 

16 

0.00007 

129 

70 

oxx)6 

94 

14 

0.00014 

125 

68 

0.016 

86 

12 

0.0005 

114 

60 

0.032 

80 

10 

0.0013 

106 

48 

0.062 

75 

8 

0.0031 

99 

36 

0.128 

69 

6 

0.0082 

91 

24 

0.305 

62 

4 

0.036 

80 

12 

1. 1229 

51 

2 

0.082 

73 

8 

4.299 

41 

I 

0.315 

62 

4 

11.619 

33 

0.5 

1.249 

51 

2 

•  •  •  • 

. . 

•  • 

4.318 

41 

I 

«  ■  •  • 

.  • 

•  • 

"639 

32 

0.5 

•  •  t  • 

•  • 

•  • 

In  both  these  tables  the  altitude  33  km.,  at  which  the  planetary 
velocity  is  almost  completely  neutralized,  is  almost  exactly  equal  to 
the  average  altitude  of  stoppage  given  for  detonating  meteors  on 
page  26.  But  the  method  of  the  diminution  of  the  velocity  is  con- 
trary to  all  other  experiences.  Thus,  for  instance,  in  the  first  table 
the  estimated  duration  for  the  reduction  from  129  km.  down  to 
33  km.  velocity  should  be  only  1/18  part  of  the  entrance  velocity 
and  for  meteors  that  are  first  observed  in  lower  regions,  for  instance 
between  80  km.  and  33  km.  which  frequently  occurs  the  reduction 
should  indeed  amount  to  only  2/36.  Practically  for  meteors  that  have 
been  observed  only  in  the  lowest  part  of  the  path,  we  obtain  almost 
always  much  lower  velocities,  but  certainly  not  to  the  extent  here 
given. 

For  an  entrance  velocity  of  16  km.  the  observed  average  velocity 
between  94  and  33  km.  in  altitude  is  only  i  of  the  original,  or  still 
too  small  to  observe.  Nothing  important  is  changed  with  respect  to 
these  data  if  we  make  still  other  assumptions  than  those  of  I  and  II. 

The  true  geocentric  velocity  of  the  Leonids  among  which  there  are 
many  particularly  bright  shooting-stars  is  given  us  with  some  cer- 
tainty from  the  known  orbital  period  and  amounts  to  not  much  less 
than  72  km.  For  a  small  body  in  this  meteoric  stream  of  2  mm. 
diameter  and  0.12  gram  weight,  whose  orbit  intersects  the  atmosphere 
at  an  inclination  of  30  degrees  to  the  horizon,  we  should  have  to 
divide  by  20  the  atmospheric  pressures  above  given  under  case  I, 
hence  the  appropriate  altitudes  will  be  as  follows : 
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III 


titude 
km. 

Velocity 
km. 

Altitude 
km. 

Velocity 
km. 

153 

70 

103 

12 

147 

68 

97 

8 

138 

60 

86 

4 

130 

48 

75 

2 

123 

36 

65 

I 

115 

24 

57 

0.5 

For  the  entire  orbit  from  153  km.  to  57  km.,  as  an  average  velocity 
even  in  this  case,  we  obtain  only  4  km.  or  1/18  part  of  the  entrance 
velocity.  As  before  stated,  the  orbits  of  the  Leonids  are  supposed 
to  lie  between  155  and  98  km.  because  the  particles  are  entirely  dissi- 
pated by  the  ver\'  considerable  rise  in  temperature  before  they  can 
descend  any  lower.  In  fact  the  bodies  of  this  stream,  among  all  the 
shooting-stars,  leave  behind  them  the  most  enduring  tails.  It,  there- 
fore, appears  proper  to  consider  the  above  given  plan  as  only 
applicable  within  similar  limits  or  between  153  and  97  km.  Thus  we 
obtain  on  the  average  only  about  27  km.  or  f  of  the  original  velocity 
whereas  from  the  observations  the  difference  relative  to  the  theo- 
retical average  is  much  smaller. 

Direct  observations,  no  matter  how  fragmentary  the  data,  make  it 
in  general  probable  that  the  diminution  of  the  velocity  in  the  upper 
atmospheric  mediums  is  slighter,  but  in  the  latter  or  lower  part  of 
the  orbit  or  its  lowest  part  which  reaches  far  down  must  be  greater 
than  they  would  seem  to  be  according  to  the  previous  theoretical 
views.  Many  optical  phenomena  that  seem  to  be  connected  with  the 
checking  of  the  lire  balls  also  seem  to  agree  with  this  view. 

The  dependence  of  the  altitude  of  the  terminal  point  of  the  path 
upon  the  velocity  at  entrance  demands  also  some  explanation.  Under 
probable  assumptions  (C/.  Schiaparelli,  p.  231  ffg.)  it  is  proven  that 
the  hivi^t  but  very  different  velocities  of  two  bodies  which  enter  tmder 
otherwise  equal  conditions  into  the  atmosphere  and  pass  through  it 
in  straight  line  orbits  are  diminished  by  the  resistance  in  such  a  way 
that  at  any  given  altitude  they  attain  almost  the  identical  velocity. 
In  the  examples  I  and  II  this  velocity  is  attained  at  the  altitude  62  km. 

We  must  not  however  conclude  from  this  that  the  terminal  altitude 
is  independent  of  the  entrance  altitude.  For  the  meteor  occurring  at 
the  greatest  altitude  should  convert  much  more  kinetic  energy  into 
heat  and  would  therefore  be  much  more  rapidly  consumed. 
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3.  The  Masses  of  the  Shooting-Stars 

A.  Herschel  *  concluded  from  the  comparison  of  the  light  power  o 
the  shooting-stars  at  a  given  distance  with  that  of  a  given  mass  of  gas 
that  the  meteor  of  first  magnitude  on  the  average  weighs  very  fev 
grams  and  the  smaller  meteors  weigh  only  a  fraction  of  a  gpram. 

By  similar  comparisons  with  the  Drummond  light,  V.  F.  Sands, 
with  reference  to  the  Leonids  of  1867,  found  the  following  estimates 


Apparent  brigbtness 

Mass  or  weight 

Jupiter 

0.67  grams 

Sirius 

0.45       " 

First  Mag.  Star 

0.06       " 

Second 

II 

0.02       " 

Third 

(1 

O.OI         " 

Fourth 

II 

0.006     " 

Fifth 

li 

0.004     " 

Even  if  such  estimates  can  give  only  approximate  results,  still  the] 
confirm  the  assumption  that  as  a  substratum  for  the  shooting-sta: 
phenomenon  only  very  small  masses  come  into  consideration  whicl 
probably  in  their  original  condition  could  scarcely  attain  the  earth': 
surface. 

According  to  Buchner '  the  smallest  of  those  aereolites  that  hav( 
been  found,  of  which  one  can  assume  that  they  have  descended  ai 
individual  bodies,  is  24  grams.  Much  smaller  particles,  which  unde: 
the  protection  of  preceding  larger  pieces  describe  their  path  througl 
the  atmosphere  in  small  aggregates  and  cause  a  rain  of  stones,  are  ii 
this  respect  not  comparable  with  the  shooting-stars.  On  the  othe: 
hand  they  form,  together  with  the  larger  pieces,  one  fire  ball. 

Experienced  observers  of  shooting-stars  frequently  expressec 
themselves  that  the  exterior  appearance  allows  one  to  infer  grea 
original  variation  in  composition.*  Some  points  in  respect  to  diflFer 
ence  of  the  velocity  might  well  have  been  attributed  to  them.  So  long 
as  we  know  nothing  more  accurate  relative  to  the  physical  nature  o 
the  matter  of  the  shooting-stars,  we  shall  have  to  consider  the  differ 
ence  in  the  masses  between  them  and  the  meteorites. 

4.  The  Av^age  and  the  Unusual  Lengths  of  the  Paths 

Out  of  185  computed  paths  of  shooting-stars  from  the  fifth  to  th< 
first  magnitude  as  given  in  the  last  English  statistics,  I  find  on  th( 

*A.  Herschel,  Proc.  Brit.  Meteor,  Soc.  II,  19. 
*F.  Sands,  Wash.  Obs.,  1867,  pp.  19-30. 

*  Schiaparelli,  p.  203. 

*  Weiss,  Beitrage,  p.  303. 


^2  SMITHSONIAN    MISCELLANEOUS   COLLECTIONS  VOL.    66 

average  for  the  length  of  the  visible  path  57  km.,  on  the  other  hand 
for  120  large  and  of  these  about  30  per  cent  detonating  meteors  from 
my  own  and  other  computations  I  find  on  the  average  the  length  of 
the  path  319  km.  In  some  cases,  especially  when  the  radiant  point 
lies  in  the  neighborhood  of  the  horizon,  there  occur  still  much  longer 
paths.    Such  an  example  is  here  given. 

The  meteor  of  July  7,  1892/  was  visible  when  it  was  74  km.  above 
the  neighborhood  of  Slobozia  in  Roumania  and  could  be  followed 
without  break  until  it  was  158  km.  high  about  70  km.  WNW.  of  the 
mouth  of  the  Tiber  above  the  Tyrrhenian  sea.  There  the  observa- 
tions could  no  longer  be  made,  not  so  much  because  of  an  explosion, 
as  by  reason  of  the  apparently  gradual  recession.  It  is  not  unlikely 
that  at  this  great  altitude  the  remaining  part  of  this  mass  actually 
left  the  atmosphere.  The  demonstrated  length  of  the  path  was 
1350  km.  This  is  the  first  and  hitherto  also  the  only  case  known  to 
me  of  an  undoubted  ascending  path.  Since  the  point  of  perigee  was 
undoubtedly  at  about  74  km.,  therefore,  to  the  east  of  Slobozia  there 
must  have  been  a  length  of  path  at  least  as  long. 

It  is  worth  remarking  that  in  1892,  October  18,  in  lower  Austria 
and  Bohemia,  a  meteor  was  observed,'  especially  because  of  its 
remarkable  long  trail  w^hich  the  residuum  left  behind.  So  far  as  the 
path  has  been  determined  w-ith  any  certainty,  this  meteor  in  the  course 
of  1(^30  km.  passed  from  an  altitude  of  257  km.  above  a  region  70  km. 
east  of  Konig^sburj.,^  in  Prussia,  until  it  was  43  km.  high  somewhat  to 
the  iouth  of  the  island  of  Elba.  The  streak  of  light  or  trail,  straight 
an(i  horizontal  as  if  drawn  with  a  ruler,  was  at  least  634  km.  long  and 
remained  visible  for  about  three  minutes,  so  that  its  location  between 
the  stars  could  be  easily  determined. 

5.  The  Heliocentric  Velocity 

riie  heliocentric  velocity  which  results  from  the  observed  geo- 
centric velocity  in  most  cases  far  exceeds  the  limits  for  a  parabolic 
orbit  and  leads  to  the  necessary  assumption  of  a  decided  hyperbolic 
orbit.  It  is  certainly  remarkable  that  this  almost  always  occurs  in 
the  case  of  those  orbits  that  have  the  most  favorable  location  for  the 
most  accurate  determination  of  the  velocity,  viz. :  for  those  that  are 
directed  from  the  neighborhood  of  the  anti-apex,  as  for  example  in 


^  G.  V.  Niessl.    Wicn.  Ber.,  1893,  102,  p.  265. 

'  G.  V.  Niessl.    Vcrhdi.  d.  naturf.  Vereins  in  Briim,  1901,  39,  p.  220. 
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the  case  of  the  meteorite  of  Pultusk  for  whose  path  J.  G.  Galle  *  ha 
shown  that  the  minimum  value  of  the  excentricity  equals  2.277. 

The  average  of  26  of  the  best  determinations  of  the  paths  an< 
mostly  large  detonating  fire  balls,  gives  for  the  heliocentric  velocit; 
59.05  km.,  and  therefore  a=  —  i  very  nearly.  For  those  few  cases  o 
meteors  for  which  sufficient  observational  material  is  at  hand  t< 
enable  us  to  draw  any  conclusion  as  to  the  form  of  the  orbits,  th 
hyperbolic  form  is  beyond  all  doubt. 

For  154  large  meteors  whose  paths  are  derived  from  older  materia 
or  were  first  computed  by  myself,  there  resulted  on  the  averag 
59.8  km.  as  the  heliocentric  velocity. 

SchiaparelH*  more  than  36  years  ai^o,  said  "  It  is  in  fact  remark 
able  that  whenever  we  have  been  able  to  investigate  with  any  approxi 
mation  the  velocity  with  which  a  meteorite  or  a  group  of  meteorite 
have  penetrated  into  the  atmosphere,  we  have  always  found  that  th 
corresponding  absolute  velocity  is  greater  than  the  parabolic  would  be 

Therefore,  in  general,  the  large  meteors  are  undoubtedly  of  inter 
stellar  origin.  As  opposed  to  this  conclusion,  we  find  that  streams  o 
shooting-stars  pursue  the  same  orbits  as  those  of  certain  well-knowi 
comets  of  well-known  periodicity.  They  are,  therefore,  interplane 
tary  shooting-stars.  Hence  we  are  inclined  to  consider  the  larg 
meteors  as  interstellar,  but  the  smaller  shooting-stars  as  interplane 
tary.  Still  we  must  call  attention  to  the  undeniable  fact  that  mos 
of  the  radiation  points  of  meteors  and  detonating  fire  balls  as  well  a 
the  other  large  meteors,  as  far  as  they  can  be  safely  determined,  agre 
with  well-established  shooting-star  radiants.  It  is  difficult  in  sucl 
cases  to  ascribe  interplanetary  orbits  to  the  corresponding  smal 
phenomena  when  the  hyperbola  described  by  the  large  meteors  issue 
from  the  same  radiant  points  in  the  cosmic  space. 

In  attempting  to  solve  this  apparent  contradiction,  one  might  per 
haps  assume  that  we  have  included  under  the  name  of  shooting-star 
different  phenomena  that  are  only  superficially  similar,  but  whos 
dynamic  basis  and  cosmic  significance  are  probably  not  all  similai 
From  the  many  experiences  of  the  last  ten  years  we  may  at  least  dra\ 
the  conclusion  that  in  the  phenomena  as  a  whole  there  make  them 
selves  felt  both  the  limited  and  minor  interplanetary  meteors  as  we 
as  the  extended  interstellar  meteors  having  particles  of  the  great es 
variety  as  to  size,  mass,  quality,  and  velocity. 


*J.  G.  Galle.  Uber  die  Bahn  des  am  30.  Januar  1868  beobachteten  n.  b< 
Pultusk  im  Konigreiche  Polen  als  Stcinrej^en  neiderRefallenen  Meteor 
Breslau,  1868. 

'  Schiaparelli.    Pp.  207  and  209. 
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Zt*  Baii  l9itftim«t«  (pro* 


ON  THE  OCCURREXCE  OF 

BENTHODESMUS  ATLAXTICUS  GOODE  AND  T^KAX 

OX  THE  COAST  OF  BRITISH  COLl'MHIA 

Bv  C.  H.  GILBERT 

PROFESSOR  OF   ZOOLfXiV,    STANFORD    INIVKRSITY.    lAl.. 

A  specimen  of  Benthodesmus,  41  ^  inches  long,  was  obtained  May 
30,  1916,  from  a  fish  dealer  in  \''ictoria,  B.  C,  having  hoon  caught  by 
fishermen  off  Bentinck  Island,  which  lies  near  Race  RiKks.  alnuit  ton 
miles  by  water  from  V^ictoria.  The  specimen  is  the  projKTty  of  the 
Provincial  Museum  of  Victoria,  and  has  been  submitted  to  us  for 
identification  by  Mr.  F.  Kermode,  the  Director  of  the  Museum. 

Description:  Greatest  width  of  body  2§  in  height  at  vent.  I.engtii 
of  caudal  peduncle  half  greatest  height  of  body.  Least  height  of  tail 
4  bony  interorbital  width.  Greatest  width  of  head  i  its  length. 
Greatest  height  of  head  3J  in  its  length.  Width  of  interorl)ital  area 
(bony)  i  height  of  head.  Length  of  snout  2}  in  head.  Tip  of 
maxillary  not  reaching  the  orbit,  the  length  of  maxillary  eciualiiig 
the  postorbital  part  of  head.  Length  of  lower  jaw  ij  times  greatest 
height  of  body.  Flexible  part  of  mandibular  tip  short  in  the  preserved 
specimen,  about  i  diameter  of  orbit.  Eye  postmedian,  5 J  in  head. 
2 J  in  length  of  snout. 

Sides  of  maxillary  with  9  or  10  triangular  teeth,  which  decrease 
from  middle  of  sides  of  jaw  both  forwards  cind  backwards.  Two 
pairs  of  narrow  compressed  fangs  in  the  anterior  part  of  the  upjier 
jaw,  the  anterior  pair  immediately  behind  the  tip,  the  iM)sterior  j>;nr 
separated  by  a  considerable  interspace,  but  l<Kali*d  in  front  of  thr 
series  of  compressed  lateral  teeth  already  described.  In  advanrr  of 
the  most  anterior  of  the  compressed  lateral  teeth,  a  s<rirs  of  ^  or  7 
short  slender  conical  teeth  continued  forwards  to  the  antrrior  pair  of 
fangs  and  passing  outside  the  posterior  pair  of  fan^^s.  Sirlr  ai 
mandible  with  14  or  15  compressed  triangular  teetli  in  a  in^d^-  '.^ri'- ., 
decreasing  in  length  forwards,  and  inclined  slightly  towards  th<-  front 
of  the  jaw.  In  advance  of  these,  on  each  side  of  the  symphysis,  are 
two  pairs  of  short  rctrorsely  directed  teeth,  the  anterior  j^iir  murli 
shorter  than  the  posterior  pair,    ^'^ther  iKjncs  of  the  month  tfK^thle  .-. 

First  gill-arch  with  4  or  5  to  7  or  8  slender  short  di-.taut  raker-., 
the  longest  about  2  mm.  in  length,     liarln  rises  from  a  plate  v/hieh 
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